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Description 

[0001 ] The present invention relates to novel curable and cured organosilicon compositions, and to processes for pre- 
paring these compositions. 

5 [0002] LEIBFRIED 779, U.S. Patent No. 4,900,779, LEIBFRIED 731 , U.S. Patent No. 4,902,731 , LEIBFRIED '134, 
U.S. Patent No. 5,077,134, and BARD et al.'360, U.S. Patent No. 5,008,360, describe crosslinked organosilicon poly- 
mers and crosslinkable organosilicon prepolymers comprised of alternating polycyclic hydrocarbon residues and cyclic 
polysiloxanes or siloxysilane residues linked through carbon to silicon bonds. COWAN, U.S. Patent No. 4,877,820 dis- 
closes crosslinkable and crosslinked linear poly(organohydrosiloxane) prepolymers and polymers having at Least 30% 

10 of their hydrosilation reactive =SiH groups reacted with hydrocarbon residues derived from polycyclic polyenes. 

[0003] It has been discovered that the incorporation of epoxy-functional compounds - as well as epoxy-functional 
compounds together with curing agents, and epoxy-functional compounds together with both curing agents and curing 
accelerators - with crosslinkable prepolymers such as those discussed above, and in the preparation of crosslinked pol- 
ymers, such as those discussed above, provides, to the cured compositions, mechanical properties that are superior to 

15 the properties which result when such components are not present. The improved mechanical properties include higher 
modulus, lower thermal expansion, and better adhesion. 

[0004] The present invention pertains, in a first embodiment, to a curable composition comprising a polyene, a silicon 
compound, and a compound comprising at least one epoxy functionality, and, optionally, at least one hydrosilation reac- 
tive double bond. The polyene has at least two hydrosilation reactive carbon-carbon double bonds, while the silicon 
20 compound has at least two hydrosilation reactive aSiH groups, and comprises at least one member selected from the 
group consisting of cyclic polysiloxanes, linear polysiloxanes, and tetrahedral siloxysiloxanes; further, at least one, of 
the polyene and the silicon compound, has more than two hydrosilation reactive sites. 

[0005] The invention further pertains, in a second embodiment, to a curable composition comprising a curing agent, 
as well as the indicated silicon and epoxy-functional compounds. Here, the epoxy-functional compound has the at least 

25 one hydrosilation reactive carbon-carbon double bond. 

[0006] In this second embodiment, the silicon compound has at least three hydrosilation reactive ^SiH groups. As a 
variation of this second embodiment, the indicated silicon and epoxy-functional compounds are provided, to the curable 
composition, as the hydrosilation product of these two reactants, in the form of an epoxy-substituted silicon compound. 
[0007] In a third embodiment, the invention pertains to a curable composition which comprises a polyene, as previ- 

30 ously discussed, and an epoxy-substituted silicon compound, as provided immediately above, but which is only partially 
epoxy-substituted. Here, the amount of the epoxy-functional compound is sufficient only for partial hydrosilation of the 
silicon compound hydrosilation reactive ^SiH groups. 

[0008] The present invention further pertains, in yet a fourth embodiment, to a curable composition comprising a 
crosslinkable organosilicon prepolymer, and the compound comprising at least one epoxy functionality, and with or with- 

35 out the at least one hydrosilation reactive double bond. Preferred such crosslinkable organosilicon prepolymers com- 
prise the hydrosilation reaction products of the polyene and silicon compound, also as discussed above. 
[0009] The present invention further pertains to a cured composition, resulting from subjecting a curable composition, 
according to one of the foregoing embodiments, to conditions suitable for effecting hydrosilation, and/or ring opening 
polymerization, and providing crosslinking - e.g., crosslinking of the polyene and silicon compound (in the first embod- 

40 iment), or crosslinking of the prepolymer (in the fourth embodiment), as well as effecting ring opening polymerization of 
the compound comprising at least one epoxy functionality. 

[0010] The invention still additionally pertains to a process of preparing a cured composition, from a blend comprising 
a curable composition, according to one of the foregoing embodiments - e.g., comprising polyene and silicon compound 
(in the first embodiment), or the prepolymer (in the fourth embodiment), as well as the compound comprising at least 
45 one epoxy functionality, and yet further, a hydrosilation catalyst. In this process, the blend is subjected to conditions suit- 
able for effecting hydrosilation, and/or ring opening polymerization, and providing crosslinking - e.g., crosslinking, or at 
least substantial crosslinking - of the polyene and silicon compound (in the first embodiment), or of the crosslinkable 
prepolymer (in the fourth embodiment), as well as effecting ring opening polymerization of the compound comprising at 
least one epoxy functionality. 

so [0011] The term "polyene," as used herein, refers to molecules having at least two carbon-carbon double bonds. 
[0012] The term "polymer," as used herein, may encompass prepolymers, such as crosslinkable prepolymers, and 
polymers, such as crosslinked polymers. 

[0013] The term "prepolymer", as used herein, refers to any liquid or solid hydrosilation crosslinkable composition that 
has been partially cured, but has not been cured up to or beyond its gel point (gel point is the point at which a material 
55 will no longer flow when heated, and is no longer soluble in organic solvents); typically, having 5% to 80% of the avail- 
able sSiH groups reacted, and, in the case of the poly(organohydrosiloxane) prepolymers, as discussed hereinafter, up 
to 90% of such groups reacted. 

[0014] The term "crosslinked polymer", as used herein, encompasses the products of curing hydrosilation crosslink- 
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able compositions, as discussed above with reference to the term "prepolymer", up to or beyond such gel point. This 
term further encompasses crosslinked polymers, as well as at least substantially crosslinked polymers. 
[0015] The term "crosslinking", as used herein, particularly in the context of the process of the invention, encom- 
passes the effecting of full crosslinking, as well as the effecting of at least substantial crosslinking. 
5 [0016] The polyenes suitable for the invention include those having at least two hydrosilation reactive carbon-carbon 
double bonds. Preferred among such polyenes are the polycyclic polyenes, including those as disclosed in LEIBFRIED 
779, LEIBFRIED 731, BARD et al. '360, and LEIBFRIED '809, U.S. Patent No. 5,013,809. 

[0017] Particular appropriate polycyclic polyenes are polycyclic hydrocarbon compounds having at least two non-aro- 
matic carbon-carbon double bonds in their rings. Exemplary compounds include cyclopentadiene oligomers (e.g., dicy- 

w clopentadiene, tricyclopentadiene, and tetracyclopentadiene), bicycloheptadiene (i.e., norbornadiene) and its Diels- 
Alder oligomers with cyclopentadiene (e.g., dimethanohexahydronaphthalene), norbornadiene dimer, hexahydronaph- 
thalene; also suitable are substituted derivatives of the cyclopentadiene oligomers, including substituted derivatives of 
any of the foregoing oligomers - e.g., methyl dicyclopentadienes. Dicyclopentadiene (also referred to herein as DCPD) 
is preferred. Two or more polycyclic polyenes can be used in combination. 

15 [001 8] The silicon compounds of the invention include those cyclic polysiloxanes, tetrahedral siloxysilanes, and linear 
polysiloxanes with two or more hydrogen atoms bound to silicon - particularly, with at least two hydrosilation reactive 
sSiH groups. Two or more suitable silicon compounds can be used in combination; particularly, one or more such cyclic 
polysiloxanes, and/or one or more such tetrahedral siloxysilanes, and/or one or more such linear polysiloxanes, may be 
employed. 

20 [0019] Suitable such silicon compounds include those disclosed in LEIBFRIED 779, LEIBFRIED 731 , LEIBFRIED 
'134, LEIBFRIED '809, COWAN, and BARD et al. '360, and in LAMOREAUX '432, U.S. Patent No. 3,197,432, LAMOR- 
EAUX '433, U.S. Patent No. 3,197,433, and LAMOREAUX '936, U.S. Patent No. 3,438,936. 
[0020] Appropriate cyclic polysiloxanes include those having the general formula: 



35 wherein R, which can be the same or different, is hydrogen, or a saturated, substituted, or unsubstituted alkyl or alkoxy 
radical, or a substituted or unsubstituted aromatic or aryloxy radical, n is an integer from 2 to 20, and R is hydrogen on 
at least two of the silicon atoms in the molecule. 

[0021] The methylhydrocyclosiloxanes (also referred to herein as MHCS), and mixtures thereof, are suitable such 
cyclic polysiloxanes. Examples include, e.g., tetraoctyl cyclotetrasiloxane, and hexamethyl cyclotetrasiloxane; tetra- 
40 and penta-methylcyclotetrasiloxanes; tetra-, penta-, hexa- and hepta-methylcyclopentasiloxanes; tetra-, penta- and 
hexamethyl-cyclohexasiloxanes, tetraethyl cyclotetrasiloxanes, and tetraphenyl cyclotetrasiloxanes. Preferred are 
1 ,3,5,7-tetramethylcyclotetrasiloxane, 1 ,3,5,7,9-pentamethylcyclopentasiloxane, and 1 ,3,5,7,9,1 1-hexamethylcy- 
clohexasiloxane, or blends thereof. 

[0022] Most preferably, the silicon compound comprises a plurality of methylhydrocyclosiloxanes. Specifically, in a 
45 majority of cases, what is used is indeed a mixture of a number of species wherein n can vary widely, and reference 
hereinafter to MHCS can refer to such a mixture. 

[0023] Generally, commercial MHCS mixtures contain up to 20% (in purer forms, as low as 2%) low molecular weight 
linear methylhydrosiloxanes, such as heptamethyltrisiloxane, octamethyltetrasiloxane, etc. One suitable commercial 
mixture is Huls M8830 MHCS, available from Huls America, formerly Petrarch, Bristol, PA. 
so [0024] The tetrahedral siloxysilanes are represented by the general formula: 



25 




— Si-0 
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wherein R is as defined above, and is hydrogen on at least two silicon atoms in the molecule. 

[0025] Examples include, e.g., tetrakisdimethylsiloxysilane, tetrakisdiphenylsiloxysilane, and tetrakisdiethylsiloxysi- 

lane. Tetrakisdimethylsiloxysilane is the best known and preferred species in this group. 

[0026] Appropriate linear polysiloxanes include those having the general formula: 

15 



l 



(R) 3 Si -0 SiO —Si (R) 3 



20 

\ * I 

— ' m 



25 wherein R, which can be the same or different, is hydrogen, or a substituted or unsubstituted saturated alkyl radical, or 
a substituted or unsubstituted phenyl radical, at least two R's are hydrogen, and m is an integer from 0 to 1000. 
[0027] Suitable such linear polysiloxanes include the linear, short chain eSiH terminated polysiloxanes having the 
general formula: 



30 



R 



35 
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SiO 
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SiH 
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wherein n is 0 to 1000 and R is alkyl or aryl, preferably methyl or phenyl, as disclosed in LEIBFRIED '134 and LEIB- 
40 FRIED '809. 

[0028] These linear, short chain ^SiH terminated polysiloxanes impart flexibility to the cured compositions, and can 
be used to produce elastomers. As examples of such polysiloxanes, disiloxanes, trisiloxanes, and other short siloxane 
oligomers, such as hexamethyltrisiloxane, are useful to lower viscosity, particularly for transfer molding operations 
where low viscosity is most desirable. 
45 [0029] Yet additional suitable linear polysiloxanes are the linear poly(organohydrosiloxanes), having the general for- 
mula: 



50 



(R) 3 Si- 



55 
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wherein R is a substituted or unsubstituted saturated alkyl radical or a substituted or unsubstituted phenyl radical, and 
1 % to 50%, or more preferably 5% to 50%, of the R's are hydrogen, and m is an integer from 5 to 1 000, or 3 to 1 00, and 
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preferably 5 to 100, and the maximum value of m is most preferably 60. 
[0030] Exemplary linear poly(organohydrosiloxanes) include: 



5 



10 



trimethylsiloxy-terminated methylhydropolysiloxane, 
trimethylsiloxy-terminated dimethylsiloxanemethylhydrosiloxane copolymer, 
dimethylsiloxy-terminated dimethylsiloxanemethylhydrosiloxane copolymer, 
dimethylsiloxy-terminated polydimethylsiloxane, 

trimethylsiloxy-terminated methyloctylsiloxanemethylhydro-siloxane copolymer, 
dimethylsiloxy-terminated phenylmethylsiloxanemethylhydro-siloxane copolymer, 
trimethylsiloxy-terminated methylcyanopropyl-siloxane-methylhydrosiloxane copolymer, 
trimethylsiloxy-terminated 3,3,3-trifluoropropylmethylsiloxane methylhydrosiloxane copolymer, 
trimethylsiloxy-terminated 3-aminopropylmethyl siloxane-methylhydrosiloxane copolymer, 
trimethylsiloxy-terminated 2-phenylethylmethyl siloxane-methylhydrosiloxane copolymer, and 
trimethylsiloxy-terminated 2-(4-methyIphenyl)-ethylmethyl-siloxane-methylhydrosiloxane copolymer. 



15 



[0031] Poly(organohydrosiloxanes) which may be used include those as disclosed in COWAN. 
[0032] The compounds comprising at least one epoxy functionality (these compounds are also referred to herein as 
epoxy-functional compounds) include those compounds, e.g., monomers, and resins, having at least one epoxy func- 
tional group, and those polymers having epoxy functionality, which will undergo ring opening polymerization through 
20 such functional group and functionality; two or more such epoxy-functional compounds may be used in conjunction. 
Among the epoxy resins which are suitable epoxy-functional compounds are those as disclosed in ZAHIR, U.S. Patent 
No. 4,954,580. 

[0033] Among the eligible epoxy-functional compounds are epoxyoctene, butadiene monoxide, 3,4-epoxycyclohexy- 
lmethyl-3,4-epoxy-cyclohexanecarboxylate (available as CY 179 from Ciba Geigy Corporation, Hawthorne, NY), 
25 bis(3,4-epoxycyclohexyl)adipate (available as ERL 4299 from Union Carbide Chemicals and Plastics Company, Inc., 
Danbury, CT), and 2-(3,4-epoxycyclohexyl-5,5-spiro-3,4-epoxy)cyclohexane-metadioxane (available as ERL 4234, also 
from Union Carbide Chemicals and Plastics Company, Inc.). 
[0034] Additional suitable epoxy-functional compounds are the following: 

30 - epoxy novolac resins, such as glycidyl ethers of phenol-formaldehyde copolymers, preferably in the molecular 
weight range of 600-1000 (one such having an average molecular weight of about 680, and being available as DEN 
431, from Dow Plastics, The Dow Chemical Company, Midland, Michigan), and such as phenol-dicyclopentadiene 
copolymers, and glycidyl ethers of cresol-formaldehyde copolymers; 
polyglycol epoxy resins, such as glycidyl ethers of polyalkyloxides; 

35 - cycloaliphatic epoxides, such as vinyl cyclohexene monoxide (VCHO, and available from Union Carbide Chemicals 
and Plastics Company, Inc.), vinyl cyclohexene dioxide (available as ERL 4206, also from Union Carbide Chemicals 
and Plastics Company, Inc.), limonene oxide (available from Aldrich, Milwaukee, Wl), limonene dioxide, vinyl nor- 
bornene monoxide, allylglycidylether, allylglycidylether acrylate, glycidyl acrylate, dicyclopentadiene monoxide, 
and dicyclopentadiene dioxide; 

40 - glycidyl substituted aminos, such as tetraglycidyl methylene dianiline, tetraglycidyl diaminobenzene, N,N,N',N'-tet- 
raglycidyl-4,4'-methylenebisbenzeneamine, and triglycidyl isocyanurate; 
glycidyl ether of bisphenol A (this glycidyl ether having the formula: 



and being available as DER 332, also from Dow Plastics, The Dow Chemical Company), tetrabromobisphenol A, 
and bisphenol F; 

glycidyl ethers of phenol-DCPD copolymers (one such having the formula: 



45 




50 
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with an average molecular weight of about 620, and being available as Tactix 556, also from Dow Plastics, The Dow 
Chemical Company); 

the DER-500 series epoxy resins, from Dow Plastics, The Dow Chemical Company, which are solid brominated bis- 
phenol A-based epoxy resins; 

20 - the DER-600 series epoxy resins, from Dow Plastics, The Dow Chemical Company, which are solid bis-phenol A- 
based epoxy resins, having an average repeat unit n greater than 1 ; 

DEN-431 , from Dow Plastics, The Dow Chemical Company, which is a low viscosity epoxy novolac resin; and 
glycidyl ethers of epichlorohydrin-bisphenol A copolymers. 

25 [0035] Epoxy-functional compounds suitable for the invention may further have - in addition to ring opening polymer- 
izable epoxy functional group or functionality, as previously discussed - at least one hydrosilation reactive carbon-car- 
bon double bond. The epoxy-functional compounds which are additionally vinyl-and allylic-functional are included in this 
category, and certain of the cycloaliphatic epoxides discussed above - i.e., vinyl cyclohexene monoxide, limonene 
oxide, limonene dioxide, vinyl norbornene monoxide, allylglycidylether, allylglycidylether acrylate, glycidyl acrylate, 

30 dicyclopentadiene monoxide - are particular examples. 

[0036] Yet additional epoxy-functional compounds of the invention are the silicon-containing epoxy-functional com- 
pounds - i.e., the hydrosilation reaction products, of epoxy-functional compounds having at least one hydrosilation reac- 
tive carbon-carbon double bond, as discussed above, with silicon compounds having at least one hydrosilation reactive 
sSiH group. These silicon-containing epoxy-functional compounds include those wherein the silicon compounds have 

35 been fully epoxy-substituted - i.e., with each ^SiH group having been thusly reacted with such epoxy-functional com- 
pound - as well as those wherein the silicon compounds have been only partially epoxy-substituted - i.e., having at least 
one sSiH group unreacted with such epoxy-functional compound. 

[0037] Appropriate epoxy-functional compounds, for preparing these silicon-containing epoxy-functional compounds, 
include those epoxy-functional compounds having at least one hydrosilation reactive carbon-carbon double bond, as 
40 discussed herein. Suitable silicon compounds include cyclic polysiloxanes, tetrahedral siloxysilanes, and linear polysi- 
loxanes, including those as discussed herein. 

[0038] Included among these yet additional epoxy-functional compounds are the silicon-containing epoxy-functional 
compounds, e.g., monomers and oligomers, as disclosed in CRIVELLO et al., "The Synthesis, Characterization, and 
Photoinitiated Cationic Polymerization of Silicon-Containing Epoxy Resins", Journal of Polymer Science: Part A: Poly- 

45 mer Chemistry. Vol. 28, pages 479-503 (1990). Additionally included are the epoxysiloxanes, as identified in ZAHIR. 
[0039] Particularly preferred are the cyclohexene oxide terminated and glycidyl terminated siloxanes, and the 
cyclohexene oxide fully and partially substituted, and glycidyl fully and partially substituted, linear and cyclic hydrosi- 
loxanes. Specific examples, of suitable silicon-containing epoxy-functional compounds, are 1 ,3-bis(3,4-epoxycyclohex- 
ylethyl)tetramethyldisiloxane (BTMDS), and 1 ,3,5,7-tetramethyl-tetrakis(3,4-epoxycyclohexylethyl)cyclotetrasiloxane 

so (D VCH ° 4 ), having the formula: 



55 
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15 



as well as the fully epoxycyclohexyl substituted hydrosilation product of vinylcyclohexene monoxide and linear dimeth- 
ylmethylhydrosiloxane copolymer, having the formula: 



20 



25 



30 




with a molecular weight of 3200-4800, m being 20-40, and n being 6-1 1 (the linear dimethylmethylhydrosiloxane copol- 
3 5 ymer being available as PS123.5, from Huls American Inc., Piscataway, NJ), and the fully epoxycyclohexyl substituted 
hydrosilation product of vinylcyclohexene monoxide and linear phenylmethylmethylhydrosiloxane, having the formula: 



40 



45 



/ 



50 




with a molecular weight of 1800-2500, m being 2-7, and n being 6-11 (the linear phenylmethylmethylhydrosiloxane 
copolymer being available as PS129.5, also from Huls American Inc.); these latter two hydrosilation products are also 
55 referred to herein as PS123.5-VHCO and PS129.5-VHCO, respectively. Suitable procedures, for preparing the silicon 
containing epoxy-functional compounds, include those as disclosed in the CRIVELLO et al. article cited immediately 
above, as well as in CRIVELLO et al., "Regioselective Ring-Opening Polymerizations and Hydrosilations Catalyzed by 
Transition Metals* 1 , Macromol. Chem.. Macromol-Svmp. . 54/55, pages 189-198 (1992), and in CRIVELLO et al., "Regi- 
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oselective Rhodium-Containing Catalysts for Ring-Opening Polymerizations and Hydrosilations", Journal of Polvmer 
Science: Part A: Polvmer Chemistry. Vol. 30, pages 1-11 (1992). 

[0040] The curing agents of the invention are those which facilitate the curing of the epoxy-functional compounds of 
the invention, and, particularly, facilitate the ring opening polymerization of such epoxy compounds; in a particularly pre- 
5 ferred embodiment, such curing agents include those compounds which polymerize with the epoxy-functional com- 
pound or compounds, in the ring opening polymerization thereof. 

[0041] Two or more such curing agents may be used in combination. Suitable curing agents include those as dis- 
closed in ZAHIR. 

[0042] Among the eligible curing agents are the anhydrides, particularly the polycarboxylic anhydrides, such as nadic 
w anhydride (NA), methylnadic anhydride (MNA - available from Aldrich), phthalic anhydride, tetrahydrophthalic anhy- 
dride, hexahydrophthalic anhydride (HHPA - available from Anhydrides and Chemicals Inc., Newark, NJ), methyltet- 
rahydrophthalic anhydride (MTHPA - available from Anhydrides and Chemicals Inc.), methylhexahydrophthalic 
anhydride (MHHPA - available from Anhydrides and Chemicals Inc.), endomethylenetetrahydrophthalic anhydride, 
hexachloroendomethylenetetrahydrophthalic anhydride (Chlorentic Anhydride - available from Velsicol Chemical Cor- 
15 poration, Rosemont, IL), trimellitic anhydride, pyromellitic dianhydride, maleic anhydride (MA - available from Aldrich), 
succinic anhydride (SA), nonenylsuccinic anhydride, dodecenylsuccinic anhydride (DDSA - available from Anhydrides 
and Chemicals Inc.), polysebacic polyanhydride, and polyazelaic polyanhydride. 

[0043] Further suitable curing agents are the amines, including aromatic and aliphatic amines, e.g., the aliphatic, 
cycloaliphatic, aromatic and heterocyclic polyamines. Particular suitable examples are 1 ,4-cyclohexane-bis(methyl- 
20 amine), 1,3-bis(3-aminopropyl)tetramethyldisiloxane, hexamethylenediamine, triethylenetetraamine, N-aminoethyl pip- 
erazine (AEP-available from Aldrich), 1 ,3-diaminobenzene, 1 ,4-diaminobenzene, 4,4'-diaminodiphenylmethane, and 
the polyaminosulfones, such as 4,4'-diaminodiphenyl sulfone (4,4'-DDS - available from Ciba Geigy Corporation), 4- 
aminophenyl sulfone, and 3-aminophenyl sulfone. 

[0044] Also eligible are the polyols, such as ethylene glycol (EG - available from Aldrich), polypropylene glycol), and 
25 polyvinyl alcohol); and the phenol-formaldehyde resins, such as the phenol-formaldehyde resin having an average 
molecular weight of 550-650, the p-t-butylphenol-formaldehyde resin having an average molecular weight of 600-700, 
and the p-n-octylphenol-formaldehyde resin, having an average molecular weight of 1200-1400, these being available 
as HRJ 221 0, NRJ-2255, and SP-1 068, respectively, from Schenectady Chemicals, Inc., Schenectady, NY). Further as 
to phenol-formaldehyde resins, a combination of CTU guanamine, and phenol-formaldehyde resin having a molecular 
30 weight of 398, commercially available as CG-125, from Ajinomoto USA Inc., Teaneck, NJ, is also suitable. 

[0045] Yet other resins containing phenolic groups can be used, such as resorcinol based resins, and resins formed 
by cationic polymerization, such as DCPD-phenol copolymers. Still additional suitable resins are melamine-formalde- 
hyde resins, and urea-formaldehyde resins. 

[0046] Different commercially available compositions may be used as curing agents in the present invention. One 
35 such composition is AH-154, a dicyandiamide type formulation, available from Ajinomoto USA Inc. Others which are 
suitable include Ancamide 400, which is a mixture of polyamide, diethyltriamine, and triethylenotetraamine, Ancamide 
506, which is a mixture of amidoamine, imidazoline, and tetraethylenepentaamine, and Ancamide 1284, which is a mix- 
ture of 4,4'-methylenedianiline and 1 ,3-benzenediamine; these formulations are available from Pacific Anchor Chemi- 
cal, Performance Chemical Division, Air Products and Chemicals, Inc., Allentown, PA. 
40 [0047] Still additional suitable curing agents include 3,9-bis(3-aminopropyl-2,4,8,1 0-tetroxaspiro[5.5]undecane, which 
is commercially available as ATU, from Ajinomoto USA Inc., as well as aliphatic dihydrazide, which is commercially 
available as Ajicure UDH, also from Ajinomoto USA Inc., and mercapto-terminated polysulfide, which is commercially 
available as LP-540, from Morton International, Inc., Chicago, IL 

[0048] Where curing agent is used, one or more curing accelerators, or catalytic curing agents, may also be present. 

45 Suitable curing accelerators include those as disclosed in ZAHIR. 

[0049] Among the eligible curing accelerators are complexes of amines, particularly dimethylaniline, and also partic- 
ularly tertiary amines, such as monoethylamine, trimethylamine and octyldimethylamine, with boron trifluoride or boron 
trichloride; one suitable example is a complex of dimethylaniline and boron trifluoride (BF 3 .DMA), also available from 
Aldrich. Also suitable are tertiary amines, such as 1,1'-methylenebis(3-methylpiperidine) (MBMP - available from 

so Aldrich), dimethylbenzylamine (DMBA), tris(dimethylaminomethyl) phenol (TDMAMP - available from Aldrich), hexam- 
ethylenetetramine and 1 ,6-bis-(dimethylamino)hexane; urea derivatives, such as N^-chlorophenyl-N'.N'-dimethylurea 
(monuron), N-3-chloro-4-methyiphenyl-N\N'-dimethylurea (chlortoluron), N-(2-hydroxyphenyl)-N'-N'-dimethylurea and 
N-(2-hydroxy-4-nitrophenyl)-N'-N'dimethylurea, and Amicure UR2T, a substituted urea formulation, available from 
Pacific Anchor Chemical; and substituted and unsubstituted imidazoles, such as imidazole, benzimidazole, 1-methylim- 

55 idazole, 3-methylimidazole, 1 ,2-dimethylimidazole (1,2-DMI - available from Aldrich), 2-ethyl-4-methylimidazole, (2,4- 
EMI - available from Aldrich), 1-vinylimidazole (1-VI, available from Aldrich), 2-vinylimidazole, 2-phenylimidazole, 2-phe- 
nyl-4-methylimidazole, 1 -(2,6-dichlorobenzoyl)-2-phenylimidazole, and 1 -(2,4,6-trimethylbenzoyl)-2-phenylimidazole. 
Where prepolymers are employed - as in the fourth embodiment, discussed herein - organic phosphines may be 
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employed as curing accelerators; triphenyl phosphine is a suitable example. 

[0050] Hydrosilation catalyst can be included, with curable blends of the invention, for effecting the cure thereof, and 
thereby obtaining the final, cured product. For instance, this catalyst facilitates the hydrosilation reaction, where there 
are ^SiH groups and carbon-carbon double bonds available therefor, and conditions are otherwise suitable for support- 
5 ing hydrosilation. 

[0051] Further, where ring opening polymerization, through the epoxy functionality, operates as a curing mechanism, 
the hydrosilation catalyst, and available ^SiH groups - if sufficient of both are present for this purpose - act in concert 
to catalyze such curing of the epoxy, in the manner as set forth in CRIVELLO et al., "Regioselective Ring-Opening 
Polymerizations and Hydrosilations Catalyzed by Transition Metals", Macromol. Chem.. Macromol-Symp. . 54/55, pages 

w 189-198 (1992), and in CRIVELLO et al., "Novel Platinum-Containing Initiators for Ring-Opening Polymerizations", 
Journal of Polymer Science: Part A: Polymer Chemistry. Vol.29, pages 1853-1863 (1991), as well as CRIVELLO et al., 
"Novel Platinum Initiators for Ring-Opening Polymerizations", Polymer Preprints. Vol. 32, pp.338-339 (1991). The ring 
opening polymerization can be effected in accordance with the teachings of these publications. 
[0052] The hydrosilation catalyst, where employed, is preferably provided in an amount of 5-60 ppm, based on the 

15 total weight of the curable blend. Where, as indicated, sufficient of both sSiH groups and hydrosilation catalyst are 
present for catalyzing ring opening polymerisation, then - if there is likewise enough epoxy functionality for the polym- 
erization to occur - such polymerization will take place, even in the absence of curing agent; in this regard, it is noted 
that the presence of such curing agent - and optionally, in addition, curing accelerator - is still within the scope of the 
invention, even if there are also sufficient of the ^SiH groups and hydrosilation catalyst present, as indicated, to cata- 

20 lyze the ring opening polymerization. 

[0053] The hydrosilation catalysts include metal salts and complexes of Group VIII elements. The preferred hydrosi- 
lation catalysts contain platinum (e.g., PtCI 2 , dibenzonitrile platinum dichloride, platinum on carbon, dichloro(1 ,2- 
cyclooctadiene)platinum (II) [(COD)PtCI 2 ], available from Strem Chemicals, Inc., Newburyport, MA). 
[0054] One such platinum catalyst which is suitable, in terms of both reactivity and cost, is chloroplatinic acid 

25 (H 2 PtCI 6 .6H 2 0); also appropriate are the platinum complex of divinyltetramethyldi-siloxane, available as PC075 from 
Huls America, and the platinum-containing catalysts PC072 (a platinum divinyl complex) and PC085, also available 
from Huls America. One preferred catalyst is a complex of chloroplatinic acid and dicyclopentadiene, as disclosed, for 
instance, in LEIBFRIED 779, and in BARD et al. '360. A second preferred catalyst is the indicated (COD)PtCI 2 . 
[0055] Also suitable, as hydrosilation catalysts for curable blends of the invention, are those as disclosed in 

30 CRIVELLO et al., "Novel Platinum-Containing Initiators for Ring-Opening Polymerizations", Journal of Polymer Sci- 
ence: Part A: Polymer Chemistry. Vol.29, pages 1853-1863 (1991). 

[0056] Blends of the invention are curable. Such curable blends can be prepared by any suitable means, such as con- 
ventional mixing of the requisite components. 

[0057] As a general matter, the curing itself is preferably effected thermally. As one suitable method, the curable blend 
35 is degassed under vacuum, with heating then being conducted in an inert atmosphere, e.g., under nitrogen. Consistent 
with the foregoing discussion, among the reactions which can occur, during curing of the curable blend, are hydrosila- 
tion, and epoxy ring opening polymerization. 

[0058] In a first embodiment, the curable blend comprises hydrosilation catalyst and the reactants, i.e., including the 
polyene, silicon compound, and epoxy-functional compound, as well as any additional components which may be used, 

40 such as the indicated curing agent; where curing agent is present, curing accelerator can likewise be included. These 
reactants are suitably blended, then subjected to a suitable curing procedure, until the cured product is achieved. 
[0059] In this first embodiment, at least one of the polyene, and the silicon compound, has more than two hydrosilation 
reactive sites. The curing procedure is conducted so as to effect hydrosilation of such polyene and silicon compound, 
and thereby provide their crosslinking, and also to effect hydrosilation of the epoxy-functional compound and silicon 

45 compound, where the former likewise has at least one hydrosilation reactive carbon-carbon double bond; yet further, 
curing is conducted so as to effect ring opening polymerization of the epoxy functionality. 

[0060] In a second embodiment, the curable blend includes, besides the hydrosilation catalyst, the silicon compound, 
epoxy-functional compound which is further provided with at least one hydrosilation reactive carbon-carbon double 
bond, curing agent, and, optionally, curing accelerator. In this instance, the blend includes little, or, more preferably, 
so none, of the polyene. 

[0061] As a variation on the immediately foregoing blend of the second embodiment, the epoxy-functional compound 
and silicon compound are reacted in a separate, initial step, in the presence of the indicated hydrosilation catalyst. This 
is a hydrosilation reaction, between the hydrosilation reactive eSiH groups of the silicon compound, and the hydrosila- 
tion reactive carbon-carbon double bonds of the epoxy-functional compound. 
55 [0062] Such hydrosilation can be effected by mixing the indicated silicon and epoxy-functional compounds, in the cor- 
rect relative ratios, and a suitable amount of hydrosilation catalyst - preferably, 5 to 5,000 ppm thereof. This mixture is 
brought to a temperature at which hydrosilation is initiated, and proper temperature conditions are thereafter main- 
tained, to drive the hydrosilation reaction to at least substantial completion. 
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[0063] The result of this initial step is an epoxy-substituted silicon compound - i.e., a silicon-containing epoxy-func- 
tional compound, as previously discussed. The curable blend then subjected to the curing procedure includes this 
epoxy-substituted silicon compound, as well as curing agent, and, optionally, curing accelerator. 
[0064] Whether or not the indicated separate, initial step is employed in this second embodiment, the amount, of the 
5 epoxy-functional compound, is preferably sufficient so that the hydrosilation reactive carbon-carbon double bonds effect 
complete hydrosilation, or at least substantially complete hydrosilation, of the silicon compound hydrosilation reactive 
sSiH groups. Further as a matter of preference, the epoxy-functional compound is monoolefinic - i.e., supplying one 
such hydrosilation reactive carbon-carbon double bond. 

[0065] In the instance of the epoxy-functional compound being thusly monoolefinic, the ratio of hydrosilation reactive 
10 carbon-carbon double bonds contributed by such epoxy-functional compound, to hydrosilation reactive ^SiH groups, is 
preferably 1:1, or approximately 1:1. Accordingly, where the separate, initial step is employed, the product resulting 
therefrom will be a fully, or at least substantially fully, epoxy-substituted silicon compound, or silicon-containing epoxy- 
functional compound. 

[0066] The previously discussed silicon-containing epoxy-functional compounds disclosed in CRIVELLO et al., "The 
15 Synthesis, Characterization, and Photoinitiated Cationic Polymerization of Silicon-Containing Epoxy Resins", Journal 
of Polymer Science: Part A: Polymer Chemistry, Vol. 28, pages 479-503 (1990), and the epoxysiloxanes, as identified 
in ZAHIR, are suitable such fully epoxy-substituted silicon compounds. Further, these compounds may be prepared in 
accordance with the procedures disclosed in CRIVELLO et al. and ZAHIR. 

[0067] Where the indicated separate, initial step is employed, the curing is effected so as to provide ring opening 
20 polymerization of the epoxy functionality. In the absence of this initial step, the curing is also effected so that, in addition 
to such ring opening polymerizition, hydrosilation of the silicon compound, and the epoxy-functional compound, likewise 
results. 

[0068] In yet a third embodiment, an epoxy-substituted silicon compound is also prepared as an initial step, which can 
be effected as set forth above. Here, however, the amount, of the carbon-carbon double bond containing epoxy-func- 
25 tional compound, is sufficient only for partial hydrosilation of the silicon compound; what results from this initial step is 
accordingly a partially epoxy-substituted silicon compound. 

[0069] Correspondingly, polyene is included in the curable blend for this embodiment. Preferably, the amount of such 
polyene is sufficient so as to provide complete - or at least substantially complete - hydrosilation of the hydrosilation- 
reactive ^SiH groups remaining unreacted, in the indicated partially epoxy-substituted silicon compound. 

30 [0070] As with the previously discussed second embodiment, the epoxy-functional compound is preferably 
monoolefinic - i.e., as indicated, supplying one such hydrosilation reactive double bond. In such instance, the relative 
amounts of silicon compound, and the carbon-carbon double bond containing epoxy-functional compound, are such so 
as to provide an excess - specifically, anywhere from a slight to a great excess - of hydrosilation-reactive ^SiH groups, 
relative to the hydrosilation-reactive carbon-carbon double bonds of the epoxy-functional compound. 

35 [0071] More specifically, where the epoxy-functional compound is thusly monoolefinic, the ratio of (i) hydrosilation 
reactive sSiH groups in the silicon compound, to (ii) hydrosilation reactive carbon-carbon double bonds, in the epoxy- 
functional compound, is greater than 1:1. Correspondingly, the amount of polyene is such so as to provide sufficient 
hydrosilation reactive carbon-carbon double bonds to raise the ratio at least to 1 :1 , or approximately 1:1; in other words, 
the ratio of hydrosilation reactive ^SiH groups contributed by the original silicon compound - i.e., in preparing the par- 

40 tially epoxy substituted silicon compound - to the sum of hydrosilation reactive carbon-carbon double bonds contributed 
by the original epoxy-functional compound, and the polyene, will be 1 :1 , or approximately 1 :1 . 
[0072] For this third embodiment, then, the amounts of polyene and of epoxy-functional compound are accordingly 
inversely proportional - "amount", in this context, pertaining to hydrosilation-reactive carbon-carbon double bonds sup- 
plied by such polyene and epoxy-functional compound. Specifically, where a relatively large amount of epoxy-functional 

45 compound is employed for preparing the partially epoxy-substituted silicon compound, then the amount of polyene in 
the blend is correspondingly less. 

[0073] Further, at least one of the polyene, and the silicon compound employed in preparing the partially epoxy-sub- 
stituted silicon compound, has more than two hydrosilation reactive sites, so as to provide crosslinking from the hydrosi- 
lation. Curing can be conducted according to the procedure which is suitable for effecting hydrosilation in the second 
so embodiment. 

[0074] The epoxy-functional compound can be employed, in such an amount, so as to provide sufficient epoxy func- 
tionality for supporting ring opening polymerization - preferably, sufficient to make ring opening polymerization the pre- 
dominant cure mechanism. Here, curing agent, and optionally, curing accelerator, can be likewise be employed. 
[0075] If, In this curable blend, there are a sufficiency of hydrosilation catalyst, and hydrosilation reactive SiH groups, 
55 to catalyze polymerization of the epoxy functionality, then the presence of such curing agent and curing accelerator is 
not mandatory for this purpose. However, even in such instance, curing agent, and, optionally, curing accelerator, can 
be included. 

[0076] Further in this variation of the third embodiment, in addition to providing the indicated hydrosilation, curing is 
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effected so as to provide ring opening polymerization of the epoxy functionality. Accordingly, here the silicon compound, 
employed in preparing the partially epoxy-substituted silicon compound, has more than two hydrosilation reactive sites, 
so that such polymerization provides crosslinking. 

[0077] In a fourth embodiment, the curable blend comprises prepolymer - preferably, crosslinkable prepolymer, and 
5 more preferably, crosslinkable organosilicon prepolymer - and epoxy-functional compound; in a particularly preferred 
embodiment, the polyene and silicon compound are provided to such curable blend in the form of the indicated 
crosslinkable organosilicon prepolymer, which has been prepared by hydrosilation, from reactants comprising such pol- 
yene and silicon compound. This curable blend, including the hydrosilation catalyst, and such prepolymer, as well as 
epoxy-functional compound, and any additional components - such as, but not limited to, the curing agent and curing 
10 accelerator, as previously discussed, as well as additional polyene and silicon compound - is likewise subjected to the 
curing procedure. 

[0078] The same hydrosilation catalysts previously discussed are likewise appropriate for use in preparation of the 
prepolymer. For those of such catalysts which are platinum catalysts, catalyst concentrations of 0.0005 to 0.05% by 
weight of platinum, based on the weight of monomers, are preferred. 
15 [0079] With regard to this fourth embodiment, if the prepolymer of the curable blend contains a sufficient amount, of 
the hydrosilation catalyst used in its preparation, to effect curing of such blend, then the cured composition of the inven- 
tion can be obtained without requiring further addition of hydrosilation catalyst. Alternatively, if necessary, the curable 
blend can be provided with additional hydrosilation catalyst. 

[0080] The crosslinkable organosilicon prepolymers suitable for the invention include those prepolymers as disclosed 
20 in LEIBFRIED 779, LEIBFRIED 731 , LEIBFRIED '134, BARD et aL'360, and COWAN. The crosslinkable prepolymers 
suitable for the invention also include those prepolymers as disclosed in BARD et al.'303, U.S. Patent No. 5,068,303, 
BURNER '048, U.S. Patent No. 5,025,048, BURNER 735, U.S. Patent No. 5,1 18,735, and in U.S. Applications Serial 
Nos. 593,161, filed October 5, 1990, 593,168, filed October 5, 1990, 685,360, filed April 15, 1991, and 764,746, filed 
September 24, 1991. 

25 [0081] Preferred crosslinkable organosilicon prepolymers are those comprising: 

(a) at least one polyene having at least two hydrosilation reactive carbon-carbon double bonds; and 

(b) at least one silicon compound, having at least two hydrosilation reactive ^SiH groups, and comprising at least 
one member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear polysi- 

30 loxanes; 

wherein at least one of the at least one polyene and the at least one silicon compound has more than two hydrosi- 
lation reactive sites. Most preferably, the at least one silicon compound has three or more hydrosilation reactive 
aSiH groups. 

35 [0082] Suitable polyenes and silicon compounds, for such prepolymers, include those as discussed herein. 

[0083] Where the crosslinkable prepolymers, of the invention, are the indicated crosslinkable organosilicon prepoly- 
mers - i.e., comprising at least one polyene, and one or more one cyclic polysiloxanes, and/or tetrahedral siloxysilanes, 
and/or linear polysiloxanes, as discussed at length above - the ratio of total hydrosilation reactive carbon-carbon double 
bonds, contributed thereto by the at least one polyene, to hydrosilation reactive =SiH groups, contributed thereto by the 

40 at least one silicon compound, is preferably in the range of 0.1 :1 to 1 .5:1 ; more preferably, this ratio is in the range of 
0.5:1 to 1 .2:1 ; still more preferably, this ratio is in the range of 0.8:1 to 1 .2:1 . Most preferably, this ratio is 1:1, or about 
1:1. 

[0084] Further as to crosslinkable organosilicon prepolymers of the invention, included among such prepolymers are 
the crosslinkable linear poly(organohydrosiloxane) prepolymers, comprising linear poly(organohydrosiloxane) with 
45 hydrosilation reactive sSiH groups having been reacted with polyene - preferably, polycyclic polyene. Suitable pol- 
yenes, such as polycyclic polyenes, include those as discussed herein. 

[0085] In these crosslinkable linear poly(organohydrosiloxane) prepolymers, preferably, 5% to 90% - more preferably, 
at least 30%, and, most preferably, 30% to 60% - of such hydrosilation reactive ^SiH groups have been thusly reacted 
with polyene. Appropriate linear poly(organohydrosiloxanes) for these prepolymers, are those as discussed herein, with 

so both the general formula, and the exemplary linear poly(organohydrosiloxanes), being applicable. 

[0086] The crosslinkable prepolymers of the invention can be prepared utilizing the procedures and components, 
including, but not limited to, process steps and catalysts, as set forth in LEIBFRIED 779, LEIBFRIED 731 , LEIBFRIED 
'134, BARD et al.'360, BARD et al.^OS, BURNER '048, BURNER 735, and COWAN, and in U.S. Applications Serial 
Nos. 593,161, 593,168, and 685,360. The reactions for forming the prepolymer, can be promoted thermally, or by the 

55 addition of a hydrosilation catalyst or radical generators such as peroxides and azo compounds. 

[0087] One approach for preparing, as the crosslinkable prepolymer of the invention, a crosslinkable organosilicon 
prepolymer as previously discussed, is simply to mix the correct relative ratios of components - i.e., including the poly- 
ene, silicon compound, and hydrosilation catalyst - and bring the mixture to a temperature at which the reaction is initi- 
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ated. Proper temperature conditions are thereafter maintained, to drive the reaction to the degree of completion 
requisite for obtaining the desired prepolymer. 

[0088] In this regard, reaction conditions utilized are those which are requisite for obtaining a prepolymer, within the 
meaning of the term as defined herein - i.e., such polymer being partially cured, but not cured up to or beyond its gel 
5 point; for instance, the mixture of the components is maintained at 30° to 80°C, for several hours, then interrupted at 
the point where the requisite proportion of available hydrosilation reactive ^SiH groups have been reacted - preferably, 
5% to 80% thereof. More preferably, this polymerization is effected so that, 30% to 65%, and most preferably, 30% to 
50%, of available hydrosilation reactive sSiH groups have been reacted. 

[0089] The indicated preparation of prepolymer can be conducted as a two stage procedure; in such instance, the 
10 polyene used, in ultimate preparation of the prepolymer, is itself first prepared in the same manner as the prepolymer. 
In this regard, such polyene is obtained by heating a mixture of hydrosilation catalyst, silicon compound, and initial pol- 
yene - those polyenes discussed herein being suitable as such initial polyene - to effect the hydrosilation reaction; more 
specifically, the polyene can be prepared in the manner as set forth in LEIBFRIED '134 and LEIBFRIED '809. 
[0090] For this preparation of the polyene, the relative proportions of initial polyene and silicon compound employed 
15 are such that there is a large excess of hydrosilation reactive carbon-carbon double bonds available for reaction with 
the hydrosilation reactive ^SiH groups; that is, the ratio of hydrosilation reactive carbon-carbon double bonds of initial 
polyene, to hydrosilation reactive ^SiH groups of silicon compound, is between 2:1 and 10:1. Excess initial polyene 
which remains after this reaction is removed by any suitable method, such as conventional stripping - e.g., by distillation 
under vacuum. 

20 [0091] In the resulting polyene, the ratio of total hydrosilation reactive carbon-carbon double bonds, contributed 
thereto by the initial polyene, to hydrosilation reactive =SiH groups, contributed thereto by the silicon compound, is pref- 
erably at least 1 .8:1 ; more preferably, it is greater than 1 .8:1 . Still more preferably, this ratio is greater than 1 .8:1 , and 
up to 2.2:1 ; most preferably, it is greater than 1 .8:1 , and up to 2.0:1 . 

[0092] In the formation of this resulting polyene, the hydrosilation reactive ^SiH groups, which have been contributed 
25 thereto by the silicon compound, are fully, or at least substantially fully, reacted with the hydrosilation-reactive carbon- 
carbon double bonds which have likewise been contributed by the initial polyene. In this context, "at least substantially 
fully" means approximately 90%, or more, of the sSiH groups have been reacted. 

[0093] As to such hydrosilation-reactive carbon-carbon double bonds contributed by the initial polyene, those which 
have not been thusly reacted, with the indicated sSiH groups, are available for further hydrosilation. The resulting pol- 

30 yene is accordingly provided with at least two hydrosilation-reactive carbon-carbon double bonds. 

[0094] This resulting polyene can accordingly be used in preparation of the prepolymer, for such curable blends of the 
invention which incorporate prepolymer - i.e., in the fourth embodiment, as previously discussed. Additionally, the 
resulting polyene is likewise suitable as the polyene, for curable blends of the invention where the prepolymer is not 
employed - i.e., for the first, second, and third embodiments, likewise as previously discussed. 

35 [0095] Of those hydrosilation reactive carbon-carbon double bonds thusly contributed, but not reacted with the ^SiH 
groups, such hydrosilation reactive carbon-carbon double bonds which are part of the thusly reacted initial polyene - 
which, in turn, is now part of the resulting polyene - will accordingly be available for reaction with hydrosilation reactive 
^SiH groups of further silicon compound, in the second stage of the indicated two stage procedure. This second stage 
is preparation of the crosslinkable prepolymer, and can be conducted - with such resulting polyene, and such further 

40 silicon compound - in the manner for preparing crosslinkable organosilicon prepolymer, as previously discussed. 

[0096] As to such two stage prepolymer, the ratio of total hydrosilation reactive carbon-carbon double bonds, contrib- 
uted thereto by such resulting polyene, to hydrosilation reactive ^SiH groups, contributed thereto by such further silicon 
compound, will preferably also be the same as previously discussed, with respect to preparation of crosslinkable orga- 
nosilicon prepolymer - i.e., preferably in the range of 0.1 :1 to 1 .5:1 ; more preferably, in the range of 0.5:1 , to 1 .2:1 ; still 

45 more preferably, in the range of 0.8:1 to 1 .2:1 ; most preferably, 1 :1 , or about 1:1. 

[0097] Particularly as to preparing the crosslinkable linear poly(organohydrosiloxane) prepolymer of the invention, as 
discussed herein, hydrosilation catalyst and polycyclic polyene are mixed and heated to form a complex. This complex 
and the poly(organohydrosiloxane) are thereafter combined, and, as with respect to the previously discussed organo- 
silicon prepolymer, suitable reaction conditions are utilized to obtain the requisite prepolymer. 

so [0098] Particularly, the reaction mixture is heated to 40° to 80°C; as previously discussed with reference to prepara- 
tion of the organosilicon crosslinkable prepolymer, the reaction temperature is thusly maintained for several hours, then 
interrupted at the point where the requisite proportion of available hydrosilation reactive ^SiH groups have been reacted 
- preferably, for this poly(organohydro-siloxane) prepolymer, 5% to 90% thereof. More preferably, the polymerization is 
effected so that 30% to 60%, of such available hydrosilation reactive ^SiH groups, have been reacted. 

55 [0099] As to the immediately following discussion, concerning suitable polycyclic polyenes for obtaining the requisite 
poly(organohydrosiloxane) prepolymer, from the indicated lower temperature reaction, such discussion is provided 
according to the best understanding of this matter at the present. This discussion is not intended to limit the scope of 
the invention. 
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[0100] Specifically, so that the requisite poly(organohydrosiloxane) prepolymer, preferably being flowable and heat 
curable, can be obtained from such lower temperature reaction, even though the ratio of hydrosilation reactive carbon- 
carbon double bonds to hydrosilation reactive ^SiH groups is otherwise suitable for obtaining the crosslinked polymer, 
it appears that an appropriate polycyclic polyene is required; suitable such polycyclic polyenes are those having chem- 
5 tcally distinguishable hydrosilation reactive carbon-carbon double bonds, i.e., one such bond being more reactive dur- 
ing hydrosilation than the other. These polycyclic polyenes include, for example, cyclopentadiene oligomers such as 
dicyclopentadiene and cyclopentadiene trimer, and methyl dicyclopentadiene. 

[0101] Curing, for the fourth embodiment, can be conducted according to the same conditions as utilized for the first 
embodiment. 

10 [0102] Yet further components, other than those previously specified, may be included in the invention; such compo- 
nents may be provided to the curable blends of the invention, and/or, where a prepolymer is employed, in preparation 
of such prepolymer, depending upon the properties of the components and prepolymer. Further as to such additional 
components, it is understood that those particular additional components, which are specifically discussed, are not pro- 
vided by way of limitation, and that yet others, not specifically described, may also be suitable. 

15 [0103] For instance, what is identified, in U.S. Application Serial No. 764,746, as the at least one second silicon com- 
pound, is a suitable such additional component. This component is particularly noted as one which can be provided to 
curable blends of the invention as a starting material, and/or employed in preparation of prepolymer. 
[0104] Other yet additional further components include reaction rate modifiers, as disclosed in U.S. Applications 
Serial Nos. 593,168 and 764,829. 

20 [0105] Still additional further components include flame retardants, as disclosed in U.S. Application Serial No. 
893,610, filed February 21 , 1992. 

[0106] As yet further examples of additional components, carbon (graphite), quartz, aramid, and other polymeric fib- 
ers may be included in the curable blends of the invention; these materials are wetted very well by the liquid prepoly- 
mers of the invention, making them excellent matrix materials. Fiber can be in non-woven, unidirectional, woven, fabric, 

25 form; suitable fibers and prepregs include those as discussed in BARD '360. 

[0107] Additives such as fillers and pigments are also readily incorporated. Vermiculite, mica, wollastonite, calcium 
carbonate, sand, silica, fumed silica, fused silica, ceramic beads, hollow glass, glass spheres, glass beads, ground 
glass, waste glass and other mineral fillers are examples of fillers which can be incorporated. Fillers can serve either 
as reinforcement or as fillers and extenders to reduce the cost of the molded product; glass spheres, in particular, are 

30 useful for preparing low density composites. Fillers can also be used for other reasons, such as viscosity modification. 
Fillers can be present in amounts up to 15% by weight of the curable blends of the invention, and in even higher 
amounts, i.e., up to 95% by weight, when glass fibers are not used. 

[0108] Stabilizers (antioxidants) are useful to maintain storage stability of the prepolymers, in curable blends of the 
invention, and thermal oxidative stability, of the finally cured products. Examples include bis(1,2,2,6,6-pentamethyl-4- 

35 piperidinyl)-(3,5-di-tert-butyl-4- hydroxy benzyl)butylpropanedioate (available as Tinuvin™ 144 from Ciba-Geigy Corp., 
Hawthorne, NY), or a combination of octadecyl 3,5-di-tert-butyl-4-hydroxyhydrocinnamate (also known as octadecyl 3- 
(^S-di-tert-butyM'-hydroxyphenyl) propionate) (available as Naugard™ 76 from Uniroyal Chemical Co., Middlebury, 
CT) and bis(1 ,2,2,6,6-pentamethyl-4-piperidinyl-sebacate) (available as Tinuvin™ 765 from Ciba-Geigy Corp.). Stabiliz- 
ers are generally used in an amount of 0.5% to 3.0%, based on the weight of the prepolymer of the curable blend. Gen- 

40 erally, the stabilizers can be employed as disclosed in BURNIER '048, and in BURNIER 735. 

[0109] One or more elastomers can also be added to improve toughness. Preferred are hydrocarbon elastomers hav- 
ing a molecular weight of less than 100,000 and low molecular weight siloxane elastomers. Exemplary hydrocarbon 
elastomers are low molecular weight ethylene-propylene-diene terpolymers, low molecular weight butyl rubber, partially 
hydrogenated low molecular weight polyisoprene or natural rubber, and partially hydrogenated low molecular weight 

45 polybutadiene or styrene-butadiene copolymers. Exemplary siloxane rubbers include low molecular weight vinyl or SiH 
terminated polydimethyl/diphenyl siloxane copolymers. Preferred are low molecular weight ethylene-propylene-dicy- 
clopentadiene and ethylene-propylene-ethylidenenorbornene polymers having a molecular weight of 5500 to 7000. 
Most preferred is Trilene 65 elastomer (available from Uniroyal Chemical Co.). The elastomer or elastomers are gener- 
ally used in an amount of 0.5 to 20%, preferably 3 to 12%, and most preferably 5 to 10%, by weight of the total compo- 

so sition; higher levels may be useful in some applications. Generally, elastomers can be employed as disclosed in U.S. 
Application Serial Nos. 593,161 and 685,360. 

[01 1 0] Particularly with regard to the previously discussed second embodiment, of the curable blend of the invention, 
cyanate ester resins can be employed, as formulating ingredients. 

[01 1 1] For the previously discussed third embodiment, the epoxy functionality can provide improved adhesion to sub- 
55 strates, fibers, and fillers, such as those previously disclosed, which are present. Further, such epoxy functionality can 
improve compatibility with blend ingredients - both those which are non-reactive, such as thermoplastics and elastom- 
ers, and those which are reactive, such as different thermosetting resins, reactive oligomers, and functionalized elas- 
tomers which are included. 
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[01 12] Where such different thermosetting resin is thusly included, both hydrosilation, and the cure mechanism of this 
resin, can occur during the curing process. Further, interaction or reaction, of the epoxy functionality, with this other 
thermosetting resin, can contribute to improvement in compatibility. 

[01 13] Generally as to the relative proportions and different types of components used in preparing the curable and 

5 cured compositions of the invention, these can be determined without undue experimentation, by those of ordinary skill 
in the art, according to a variety of factors. Such factors include, but are not limited to, the compatibility of such compo- 
nents, whether they will react with one another, and - where they will react with one another - the stoichiometry of the 
reactions which occur; still additional factors concern the properties desired in the curable blend and cured product. 
[01 14] In this regard, one set of proportions to consider is the ratio of total hydrosilation reactive carbon-carbon double 

w bonds, to total hydrosilation reactive ^SiH groups, ultimately contributed from all sources - e.g., polyene, silicon com- 
pound, and epoxy-functional compound - in preparing the compositions of the invention, whether contributed to prepa- 
ration of the prepolymer, or to the final, cured product. This ratio is preferably in the range of 0.1:1 to 1.5:1; more 
preferably, this ratio is in the range of 0.5:1 to 1 .2:1 ; still more preferably, this ratio is in the range of 0.8:1 to 1 .2:1 . Most 
preferably, this ratio is 1 :1 , or about 1:1. 

15 [01 15] In this regard, where curing agent is employed, the amounts thereof provided are those which are customary 
in the technology of the epoxy compounds with which they are used. Preferably, the amount of curing agent used is 
such as to provide 0.7 to 1 .5 equivalents, of curing agent functional groups, to one epoxide equivalent. 
[0116] More particularly, for amine curing agent, the amount of amine employed is preferably such so as to provide 
0.75 to 1 .25 equivalents, of amine hydrogen, per epoxide equivalent. In the case of the polycarboxylic anhydrides, the 

20 preferred amount of curing agent is such so as to provide 0.4 to 1.1 equivalents, of anhydride groups, per epoxide 
equivalent. 

[01 17] Curing accelerator is employed to enhance the activity - especially, the curing activity - of the curing agent. As 
a particularly preferred function, curing accelerator is employed to enhance the participation of curing agent, in the ring 
opening polymerization of the epoxy-functional compound. The curing accelerators are generally used in proportions 
25 of 0.1% to 6%, by weight of the total components in the blend; preferably, the accelerators are thusly employed in cat- 
alytic amounts. 

[0118] Where prepolymer is employed, such prepolymer, and the epoxy-functional compound, may be used in any 
relative proportions which will allow the cured composition of the invention to be obtained. Preferably, such prepolymer 
and epoxy-functional compound are employed in any relative proportions in which they are miscible. 

30 [0119] In this regard, similarity of chemical structure is a factor which affects the miscibility of multiple components; 
in this regard, the closer the chemical structure of such components, the less a factor immiscibility will be, in limiting the 
amount of epoxy-functional compound which can be used with the prepolymer. Accordingly, where the epoxy-functional 
compound is a silicon containing epoxy-functional compound, similarity in chemical structure, with that of the crosslink- 
able organosilicon prepolymer of the invention, militates against such a miscibility problem. 

35 [0120] Consistent with the foregoing, mixing is especially facilitated, where the silicon substituent, of the silicon con- 
taining epoxy-functional compound, is provided by linear and/or cyclic polysiloxane and/or tetrahedral siloxane, and the 
crosslinkable prepolymer is correspondingly derived from linear and/or cyclic polysiloxane. In such instance, the partic- 
ular closeness in chemical structure, deriving from the siloxane functionality of both, particularly negates immiscibility, 
as a factor limiting the relative amounts of epoxy-functional compound and prepolymer which can be used together. 

40 [0121] Therefore, for silicon containing epoxy-functional compound - particularly, as indicated, where the silicon sub- 
stituent thereof is provided by linear and/or cyclic polysiloxane, and the crosslinkable prepolymer is correspondingly 
derived from linear and/or cyclic polysiloxane - any relative proportions of epoxy-functional compound and crosslinkable 
prepolymer, for obtaining the desired properties of curable blend and/or cured product, can be employed in the blend. 
For instance, epoxy-functional compound can comprise anywhere from 1% to 99%, and prepolymer can likewise com- 

45 prise from 1% to 99%, by weight of the epoxy-functional compound/prepolymer total. 

[0122] However, it is generally the case, with respect to epoxy-functional compounds other than the previously-dis- 
cussed silicon containing epoxy-functional compounds, that the amount of epoxy-functional compound which can be 
used, relative to prepolymer, is restricted by the limited miscibility between such two components. This limited miscibility 
results from the difference in chemical structure, between the epoxy-functional compound and prepolymer; accordingly, 

so if excessive epoxy-functional compound is used, thorough mixing may not be effected, and the epoxy-functional com- 
pound and prepolymer will split into layers. 

[0123] Taking this factor into account, such epoxy-functional compound is preferably limited to an amount within the 
range of 5% to 30% of the epoxy-functional compound/prepolymer total. More preferably, the range is 10% to 20%. 
[0124] With regard to the reactions which occur during curing, the structure of the ensuing product, and the identity 
55 of its components, the following discussion - particularly as to the activity of the epoxy-functional compound, curing 
agent, and curing accelerator, the placement of such epoxy-functional compound and curing agent in the product struc- 
ture, the configuration of multiple polymers in interwoven relationship, and the composition of such polymers - is pro- 
vided according to the best understanding of these matters at the present. Such discussion is not intended to limit the 
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scope of the invention. 

[01 25] Curing, in the presence of hydrosilation catalyst, effects hydrosilation of available carbon-carbon double bonds 
and aSiH groups. For instance, where polyene and silicon compound, or polyene and partially epoxy-substituted silicon 
compound, are included among the starting materials - e.g., as per the previously discussed first and third embodi- 
5 ments - the reaction will proceed through, if continued for a sufficient amount of time, to the crosslinked polymer; cor- 
respondingly, where it is the crosslinkable prepolymer which is employed - e.g., as per the previously discussed fourth 
embodiment - it is the as yet unreacted carbon-carbon double bonds and sSiH groups thereof which undergo hydrosi- 
lation, with the result being further conversion, of the prepolymer, to a crosslinked polymer. 

[0126] Additionally during curing, the hydrosilation catalyst, and ^SiH groups provided by silicon compound, and/or 

w crosslinkable prepolymer, and/or crosslinked polymer, together provide a catalyst system for catalyzing yet another 
reaction - i.e., ring opening polymerization of the epoxy-functional compound - if, as previously discussed, there is suf- 
ficient of both sSiH groups and hydrosilation catalyst present for this purpose, and likewise enough epoxy functionality 
to support such polymerization. Moreover, regardless of the presence of sufficient of the indicated cocatalysts, such 
ring opening polymerization will still occur, if enough curing agent, and optionally, curing accelerator, are present. 

15 [0127] Where hydrosilation and ring opening polymerization do, indeed thusly simultaneously occur during the curing 
procedure - as otherwise discussed above, with respect to the first, third, and fourth embodiments - the resulting cured 
composition accordingly apparently comprises at least two polymers - i.e., the crosslinked polymer, and the ring open- 
ing polymerization product - permanently interwoven. Further characteristics, of the cured product, are thought to 
depend upon certain features of the blend components. 

20 [0128] For instance, if the epoxy-functional compound, besides being ring opening polymerizable, is not also reactive 
with the forming crosslinked polymer - or the components from which it is prepared - then no covalent bonds will form 
between such epoxy-functional compound and polymer; it accordingly appears that the resulting cured product will be 
an interpenetrating polymer network - i.e., with the plurality of polymers being only permanently interwoven, and not 
also linked. Such appears to be the result when the epoxy-functional compound is any one or more of, for instance, 3,4- 

25 epoxycyclohexylmethyl-3,4-epoxycyclohexylcarboxylate, bis(3,4-epoxycyclohexyl)adipate, tetraglycidyl methylene 
dianiline, glycidyl ether of bisphenol A, 1,3-bis(3,4-epoxycyclohexlethyl)tetramethyldisiloxane (BTMDS), and 1,3,5,7- 
tetramethyltetrakis(3,4-epoxycyclohexlethyl)cyclotetrasiloxane (D VHC0 4 ), or a copolymer of glycidyl ether phenol and 
DCPD. 

[0129] However, where the epoxy-functional compound is provided with one or more hydrosilation-reactive carbon- 
30 carbon double bonds - such as is the case, for instance, with vinylcyclohexene monoxide, and limonene oxide - it 
appears that curing will result in the reaction of oSiH functionality therewith, as well as the reaction, of such ^SiH func- 
tionality, with polyene carbon-carbon double bonds. With the previously discussed ring opening polymerization also tak- 
ing place during curing, it further appears that the product will accordingly feature, not only the indicated plurality of 
polymers, permanently interwoven, but also covalent bonding between such polymer resulting from ring opening polym- 
35 erization, and the crosslinked polymer, derived from the crosslinkable prepolymer and/or polyene and silicon com- 
pound. 

[0130] The ultimate structure, and other properties, of the cured composition, appear also to be affected by such fac- 
tors as whether additional components - besides, e.g., polyene, silicon compound, prepolymer, and epoxy-functional 
compound - are present in the curable blend, as well as what particular combinations of such additional components 
40 are utilized. For instance, the previously discussed presence of curing agent, during ring opening polymerization, can 
apparently affect what polymerization occurs - depending, e.g., upon what curing agent is employed, and upon whether 
curing accelerator is also present. 

[0131] Specifically, where ring-opening polymerization is occurring, but no additional component (e.g., curing agent), 
capable of polymerizing with the epoxy-functional compound, is present during such ring opening polymerization, then 

45 what takes place during such polymerization appears to be only homopolymerization of the epoxy-functional com- 
pound, to provide a polyether. In such instance, it further appears that, if polyene is likewise present, there will accord- 
ingly be two interwoven polymers in the cured composition - i.e., the crosslinked polymer, and such polyether. 
[0132] Of course, if two or more epoxy-functional compounds are employed, then it appears that the ring opening 
polymerization of epoxy-functional compound is therefore not, strictly speaking, a homopolymerization, while if the 

so epoxy-functional compound also has at least one hydrosilation reactive carbon-carbon double bond, as discussed 
above, then it appears that the indicated covalent bonding between polymers also takes place. In any event, the poly- 
ether would still be provided. 

[0133] As noted, curing agent is a component whose presence appears to influence the structure of the cured com- 
position. Whether there is indeed any such effect, and what that effect is, appears to depend upon the reactivity of such 
55 curing agent, relative to the epoxy-functional compound, in the polymerization, and - if curing accelerator affects this 
reactivity - upon whether curing accelerator is thusly present. 

[0134] For instance, where the curing agent employed is only of a certain degree of reactivity - that is, in comparison 
with the epoxy-functional compound - then it appears that multiple polymerizations occur simultaneously; e.g., both 



15 



EP 0 600 512 B1 



epoxy resin homopolymer, and copolymer of epoxy resin and curing agent, appear to be provided. There will apparently 
accordingly be three interwoven polymers in the cured composition - i.e., the crosslinked polymer, such homopolymer, 
and such copolymer. 

[0135] This appears to be the case where the curing agent used with the epoxy resin is a polycarboxylic anhydride. 
5 The epoxy resin apparently both homopolymerizes, to provide a polyether, and copolymerizes with polycarboxylic anhy- 
dride, to provide a polyester. 

[0136] However, for such a curing agent of comparatively lesser reactivity, it appears that the additional presence of 
curing accelerator can enhance such curing agent's capacity - relative to that of the epoxy resin - for participating in the 
ring opening polymerization, thereby diminishing the degree of homopolymerization occurring, and correspondingly 
10 increasing the degree of copolymerization. If the curing accelerator has sufficient such effect, it appears that its pres- 
ence can even result in the exclusion, or at least substantial exclusion, of homopolymerization, in favor of the copolym- 
erization. Under the premise that the polymerizations appearing to occur are actually occurring, then, without the 
polyether which apparently would otherwise have formed, there will be only two interwoven polymers in the cured prod- 
uct. 

15 [0137] This appears to be the case where such polycarboxylic anhydride is the curing agent, and an accelerator is 
employed. It appears that ring opening polymerization results in the polyester, to the exclusion, or at least substantial 
exclusion, of the polyether. 

[0138] However, where the curing agent is sufficiently reactive by itself, apparently to compete successfully, with 
epoxy resin, in the ring opening polymerization thereof, then no curing accelerator is necessary to limit, or even prevent, 

20 what appears to be the competing homopolymerization of the epoxy resin, and thereby apparently provide a cured 
product with two interwoven polymers. This is the case with amine curing agents, whose use will apparently result in a 
polyamine/polyol copolymerization product, to the exclusion of the polyether homopolymerization product. 
[0139] The compositions of this invention have utility for electronic applications, e.g., composites, adhesives, encap- 
sulants, potting compounds, and coatings. They are especially useful for the preparation of prepregs and laminates 

25 such as those used for printed circuit boards, and glob top encapsulants and molding compounds for encapsulation. 
[0140] For preparing prepregs and laminates, utilizing compositions of the invention, the procedures as disclosed in 
BARD et al. '360, in U.S. Application Serial No. 593,168, and in U.S. Application Serial No. 764,829, filed on September 
24, 1991, may be employed. 

[0141] With respect to preparation of prepregs, utilizing curable blends of the invention provided with prepolymer as 
30 a starting material, a suitable procedure includes forming the prepreg by impregnating reinforcement fibers (e.g., glass 
fabric) with the curable blend, or pouring the curable blend over such reinforcement. Then, preferably, the thusly treated 
reinforcement is cured to the point where the blend of the invention is substantially solid, and, most preferably, also at 
least substantially tack free; however, prepregs thusly obtained, but which are not tack free, are also within the scope 
of the invention. 

35 [0142] Where the curable blend of the invention utilizes polyene and silicon compound - instead of, or in addition to, 
prepolymer prepared therefrom, as discussed above - in such prepreg preparation, then this blend is first partially 
cured, to obtain a liquid (preferably viscous), semisolid, or solid composition. It is this composition which is thusly 
employed with the reinforcement, with prepreg preparation otherwise being effected according to the procedure set 
forth above. 

40 [0143] In a suitable procedure for obtaining laminates, individual plies of prepregs are stacked, and laminated under 
heat and pressure, in a hydraulic press. Further cure, of the blend of the invention, is obtained in this treatment. 
[0144] The invention is illustrated by the following Examples, which are provided for the purpose of representation, 
and are not to be construed as limiting the scope of the invention. Unless stated otherwise, all percentages and parts 
are by weight. 

45 

EXPERIMENTAL PROCEDURE 
Preparation of Crosslinkable Prepolymer 

50 [0145] The prepolymer utilized in Examples 1-20 and 23-45 was prepared according to the following procedure. 
[0146] 60.0 g (1.0 mol of =SiH) MHCS, 20 ml of toluene, and 1 19 \i\ (7.5 ppm platinum) of PC072 platinum catalyst 
(Huls America), were placed in a three-necked 500 ml round bottomed flask, equipped with a condenser and a dropping 
funnel, and preheated therein to 70°C. To this preheated mixture, a mixture of 66 g of DCPD (1.0 mol of C=C), and 
131 jil (7.5 ppm platinum) of PC072 platinum catalyst, was added dropwise through the dropping funnel, thereby provid- 

55 ing a ratio of 1 :1 , for the hydrosilation reactive =SiH groups provided by the MHCS, to the hydrosilation reactive carbon- 
carbon double bonds provided by the DCPD; during the addition of the DCPD-catalyst mixture, temperature was main- 
tained within a range of 85° to 90°C, by adjusting addition speed. 

[0147] After addition of the DCPD-catalyst mixture was completed, temperature was maintained at 70°C for one hour, 
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then allowed to cool to room temperature. After such cooling, 6.63 g of an antioxidant composition - comprising a 38% 
by weight solution of 5/1 w/w Naugard™ 76/Tinuvin™ 765, in toluene - was added to the mixture. 
[0148] The prepolymer utilized in Examples 21 and 22 was prepared in the manner as set forth above, except with 
50.0 g (0.83 mol of =SiH) MHCS, and 50.0 g (0.76 mol of C=C) DCPD thereby providing a 1.1:1 ratio weighted in favor 
5 of the sSiH groups, in contrast to the previously discussed 1:1 ratio, and resulting in a ^SiH rich prepolymer. The molar 
ratio of olefin to ^SiH was thusly adjusted to compensate for the hydrosilation reactive carbon-carbon double bonds 
provided by the limonene oxide of Example 21 , and by the vinylcyclohexene monoxide of Example 22. The hydrosilation 
reactive carbon-carbon double bonds provided by each of these epoxy-functional compounds raised the total ole- 
fin/^SiH ratio to 1:1, in both Examples. 

10 

Preparation of 1,3-bis(3.4-epoxvcvclohexvlethvl)tetramethvldisiloxane (BTMDS) 

[01 49] 66.0 g of vinylcyclohexene monoxide ( VCHO, 0.53 mol) and 20 mg of tris(triphenylphosphine)rhodium chloride 
were placed in a three-necked 250 ml round bottom flask, equipped with a condenser and a dropping funnel. The flask 

15 was then heated to 80°C, after which 33.6 g of 1,1,3,3-tetramethyldisiloxane (0.25 mol) was added dropwise through 
the dropping funnel; during such addition, the temperature was maintained at 80°C, by adjusting the addition speed. 
After completion of the 1,1,3,3-tetramethyldisiloxane addition, the reaction mixture was maintained at 40°C for two 
hours, by means of an oil bath, then cooled to room temperature. Vacuum distillation of the reaction mixture, to remove 
excess VCHO, was carried out using a Kugelrohr apparatus, at 60°C, and a vacuum of 133 Pa (1mm Hg). The product, 

20 BTMDS (91 .0 g, 95%), was collected. 

Preparation of 1 .3.5.7-tetramethyl-tetrakis(3.4-epoxycyclohexylethyl)cyclotetrasiloxane (D^ *^) 

[01 50] A solution of 1 6.0 g of 1 ,3,5,7-tetramethylcyclotetrasiloxane (D' 4 , 0.067 mol), in 1 00 ml of toluene, was placed 
25 in a three necked round bottom flask equipped with a condenser, a Dean-Stark trap containing calcium hydride, a drying 
tube, and a dropping funnel. The solution was refluxed for 1 .5 hours, then cooled to 30°C. First, 41 .0 g of vinylcyclohex- 
ene monoxide (VCHO, 0.33 mol), then 200^1 (30 ppm platinum) of PC072 platinum catalyst (Huls America), were added 
in through a syringe. Reaction temperature was maintained below 60°C, by means of an external ice bath; when the 
temperature dropped to room temperature, an oil bath was used to heat the reaction mixture to 40°C, for 1 .5 hours. Vac- 
30 uum distillation of the reaction mixture, to remove excess VCHO, was carried out using a Kugelrohr apparatus, at 60°C, 
and a vacuum of 133 Pa (1mm Hg). The product, D VCH0 4 (47.1 g, 96%), was collected. 

Preparation of the hydrosilation product of PS123.5 methvlhvdrodimethylsiloxane copolymer and vinylcyclohexene 
monoxide (PS123.5-VHCQ1 

35 

[0151] A solution 45.9 g of methylhydrodimethylsiloxane copolymer (PS123.5) and 0.012 g of tris(triphenylphos- 
phine)rhodium chloride, in 20 ml of toluene, was placed in a three-necked 500 ml round bottom flask, equipped with a 
condenser and a dropping funnel. The solution was heated to 70°C, after which 15.0 g of vinylcyclohexene monoxide 
(VHCO) was added dropwise through the dropping funnel. After addition of the VHCO was completed, the solution was 
40 kept at 70°C for two hours, at the end of which time, the solvent was removed by a rotovap. Then, vacuum distillation of 
the reaction mixture, to remove excess VCHO, was carried out using a Kugelrohr apparatus, at 50°C, and a vacuum of 
133 Pa (1mm Hg). The product, PS123.5-VHCO (56.7 g, 93%), was collected. 

Preparation of the hydrosilation product of PS1 29.5 methvlhvdrophenylmethylsiloxane copolymer and vinylcyclohexene 
45 monoxide (PS129.5-VHCO) 

[01 52] A solution 50.0 g of methylhydrophenylmethylsiloxane copolymer (PS1 29.5) and 0.022 g of tris(triphenylphos- 
phine)rhodium chloride, in 20 ml of toluene, was placed in a three-necked 500 ml round bottom flask, equipped with a 
condenser and a dropping funnel. The solution was heated to 80°C, after which 34.6 g of vinylcyclohexene monoxide 
50 (VHCO) was added dropwise through the dropping funnel. After addition of the VHCO was completed, the solution was 
kept at 85-90°C for four hours, then heated to reflux at 1 10° for eight hours, after which the solvent was removed by a 
rotovap. Then, vacuum distillation of the reaction mixture, to remove excess VCHO, was carried out using a Kugelrohr 
apparatus, at 50°C, and a vacuum of 133 Pa (1mm Hg). The product, PS129.5-VHCO (43.8 g, 36.5%), was collected. 

55 Preparation of Cured Composition 

[0153] Crosslinkable prepolymer and epoxy-functional compound - and, for certain Examples, as indicated below, 
also curing agent, and, for certain other Examples, yet additionally curing accelerator - were mixed together to form 
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blends; depending upon the Example, either additional catalyst was added to such blend, or curing was effected simply 
with the catalyst remaining in the prepolymer, from its preparation. These blends were poured into the top slot of 
5"x5"x1/8" teflon lined steel molds, and placed under an aspirator vacuum in an oven, to remove air from the blends. 
The molds were heated in an oven, under cure cycles as specified in the Examples, to provide curing. 

5 

Measurements of Properties 

[0154] As to the data provided hereinafter, dynamic modulus was measured in a Rheometrics Dynamics Spectrom- 
eter Model 7700 (Rheometrics Inc., Piscataway, NJ). A temperature sweep was carried out at a fixed frequency of 10 
10 radians/second. 

[0155] Thermogravimetric analysis was carried out in a DuPont Thermal Analyzer (E.I. DuPont de Nemours & Com- 
pany, Inc., Wilmington, DE) at 20°C/minute. 

[0156] Thermal Mechanical Analysis and Thermal Expansion Coefficient were measured using a DuPont Thermome- 
chanical Analyzer with a 100 mg load, and expansion probe at 10°C/minute. 
15 [0157] The following Examples 1-22 concern preparation of cured compositions from the crosslinkable prepolymer 
and epoxy-functional compound, without the additional presence of curing agent or curing accelerator; for each of these 
Examples, the cure cycle was 170°C, 1 hour; 250°C, 4 hours. With respect to Example 10, additional PC072 catalyst, 
in an amount of 40 ppm of the blend, was added; no such additional catalyst was provided in the remaining Examples 
1-9 and 11-22. 

20 
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(continued) 
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[0158] The following Examples 23-37 include epoxy resin curing agent, in addition to the crosslinkable prepolymer 
30 and epoxy resin. 

Example 23 

[0159] 23.75 g of prepolymer was mixed with 1.25 g of an epoxy formulation - including 0.78 g of tetraglycidyl meth- 
35 ylenedianiline as the epoxy-functional compound, and 0.47 g of 4-aminophenyl sulfone as the curing agent, in a 1:1 
molar ratio - and with 0.061 g (24 ppm of the blend) of PC075 platinum catalyst (Huls America). This blend, thusly com- 
prising 95% by weight of the prepolymer, and 5% by weight of the epoxy formulation, was cured in two cycles. 
[0160] The first cure cycle was 125°C, 2 hours; 150°C, 4 hours; 200°C, 2 hours. The second cure cycle was 250°C, 
2 hours. 

40 [0161] The properties of the resulting cured composition are set forth below, in comparison with corresponding prop- 
erties of a cured composition prepared from the prepolymer alone, without epoxy-functional compound or curing agent. 
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150 
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9.4x10 8 (9.4x1 0 9 ) 


51.2 


250 


198 


9.0x1 0 8 (9.0x1 0 9 ) 





[0162] The foregoing data indicate that the presence of a mere 5% by wt. epoxy formulation, in the cured composition 
of Example 23, results in a higher glass transition temperature, and also a higher complex modulus - as determined by 
dynamic mechanical analysis - than are found in the cured composition prepared without such epoxy resin and curing 
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agent. 
Example 24 

[0163] 18.0 g of prepolymer, containing 20 ppm of PC072 platinum catalyst (Huls America), was mixed with 1 .1 g of 
ERL 4299 (Union Carbide) and 0.9 g of MHHPA (Anhydrides and Chemicals Inc.). This blend was cured according to 
the following cure cycle: 170°C, 1 hour; 250°C, 4 hours. The resulting product was found to have the properties as set 
forth below. 



10 



Tg (°C) (TMA) 


CTE(ppm/°C) 


RDS Analysis 


TGA (% residue @ 
1000°C under N 2 ) 




60-1 00°C 


30-246°C 


Tg(°C) 


G'@22°C [Pascal 
(dyne/cm 2 )] 




180.3 


97.5 


127 


220 


1.03x10 9 (1.03x10 10 ) 


48.7 



15 



20 [0164] In each of Examples 25-37, the curable blend contained 60 ppm of PC072 platinum catalyst, and was thermally 
cured at 170°C, for one hour, then postcured at 250°C, for four hours. The identities of epoxy resins and curing agents 
used in the curable blends, and the amounts of prepolymer, epoxy-functional compound, and curing agent, as well as 
the properties of the resulting cured compositions, are set forth below. 
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5 


Example 


Epoxy-Func- 
tional Com- 

nnunH 


Curing Agent 


Prepoly- 
mer/Epoxy- 
Funrtional 

1 Ul IVrLIWI IUI 

Compound 
Curing Agent 
(wt. in g) 


Tg (TMA) 


CTE (ppm/°C) 


Sample 
Description 


10 












60-100° C 


30-246°C 






25 


Tactix 556 


MHHPA 


18.0/1.32/0.68 


not observed 


94.6 


117 


cured 


15 


26 


ERL4206 


MHHPA 


18.0/1.32/0.68 


not observed 


98.2 


129 


cured, trans- 
parent 


27 


ERL4299 


MHHPA 


15.0/2.4/1.4 


92.9 


104 


132 


cured, voids 




28 


Tactix 556 


MHHPA 


15.0/2.5/1.3 


98.9 


99.8 


137 


opaque, some 
voids 


20 


29 


PS123.5- 
VCHO 


MHHPA 


13.5/1.13/0.38 


160.0 


109 


148 


opaque, white 




30 


PS129.5- 
VCHO 


MHHPA 


9.4/0.6/0.4 


160.4 


109 


137 


hazy 


25 


31 


PS129.5- 
VCHO 


MHHPA 


13.2/1.8/1 .2 


146.0 


114 


149 


transparent, 
some voids 




32 


DER332 


Ancamide 
400 


13.5/1.5/0.75 


* 


* 


* 


cured, foam- 
ing 


30 


33 


DER332 


AEP 


13.5/1.5/0.75 


* 


* 


* 


cured, foam- 
ing 




34 


DER332 


Ancamide 
506 


18.0/1.25/0.75 


* 


* 


* 


cured, voids 


Jo 


35 


DER332 


BF 3 .DMA 


13.5/1.5/0.75 


117.6 


128 


171 


cured 


36 


DER332 


4,4'-DDS 


18.0/1.5/0.75 


not observed 


100 


116 


cured, white 
opaque 


40 


37 


DER332 


HRJ2210 


12.0/2.25/0.75 


79.9 & 195.5 


105 


134 


opaque, yel- 
low 



'Sample is unsuitable for thermomechanical analysis (TMA) due to too many voids. 

[0165] The following Examples 38-45 include both curing agent and curing accelerator, in addition to the crosslinkable 
prepolymer and epoxy resin. 

45 

Example 38 

[0166] 16.0 g of prepolymer was mixed with 2.3 g of DER 332 (Dow), 1 .7 g of MHHPA (Anhydrides and Chemicals 
Inc.), 0.1 g of DMBA, and 60 ppm of PC072 platinum catalyst (Huls America). This blend was cured according to the 
50 following cure cycle: 1 70°C, 1 hour; 250°C, 4 hours. The resulting product was found to have the properties as set forth 
below. 



55 
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Tg (C°) (TMA) 


CTE (ppm/°C) 


RDS Analysis 


TGA (% residue @ 
1000°C under N 2 ) i 




60-1 00°C 


30-246°C 


Tg(°C) 


G'@22°C [Pascal 
(dyne/cm 2 )] 




147 


88.0 


129.0 


132,190°C 


1. 173x1 0 9 (1.1 73x1 0 10 ) 


49.4 



[0167] In each of Examples 39-45, the curable blend contained 60 ppm of PC072 platinum catalyst, and was thermally 
cured at 170°C, for one hour, then postcured at 250°C, for four hours. The identities of epoxy-functional compounds, 
curing agents, and curing accelerators used in the curable blends, and the amounts of prepolymer, epoxy-functional 
is compound, curing agent, and curing accelerator, as well as the properties of the resulting cured compositions, are set 
forth below. 
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Claims 

1 . A curable composition comprising: 

(a) a polyene having at least two hydrosilation reactive carbon-carbon double bonds; 

(b) a silicon compound, having at least two hydrosilation reactive ^SiH groups, and comprising at least one 
member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear polysi- 
loxanes; 

wherein at least one of the polyene and the silicon compound has more than two hydrosilation reactive 
sites; and 

(c) a compound comprising at least one epoxy functionality. 

2. The curable composition of claim 1 , wherein the polyene comprises the reaction product of: 

(a) an initial polyene having at least two hydrosilation reactive carbon-carbon double bonds; and 

(b) a silicon compound, having at least two hydrosilation reactive ^SiH groups, and comprising at least one 
member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear polysi- 
loxanes; 

wherein the ratio of (i) hydrosilation reactive carbon-carbon double bonds in the initial polyene, to (ii) 
sSiH groups in the at least one silicon compound, is at least 1 .8:1 . 

3. The curable composition of claim 1 , further comprising a hydrosilation catalyst. 

4. The curable composition of claim 1 , wherein: 

(a) the polyene comprises at least one member selected from the group consisting of polycyclic polyenes; 

(b) the silicon compound comprises at least one member selected from the group consisting of: 

(i) cyclic polysiloxanes having the formula: 



R R 
\/ 
Si-0 



(O-Si) 

/\ n 

R R 



wherein R, which can be the same or different, is hydrogen, or a saturated, substituted, or unsubstituted 
alkyl or alkoxy radical, or a substituted or unsubstituted aromatic or aryloxy radical, n is an integer from 2 
to 20, and R is hydrogen on at least two of the silicon atoms; 
(ii) tetrahedral siloxysilanes having the formula: 



Si 



R 
I 

-^i-R 
R 



wherein R is as defined above, and is hydrogen on at least two silicon atoms in the molecule; and 
(iii) linear polysiloxanes having the formula: 
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(R) 3 Si-0 



SiO- 

I 

R 



•Si(R) 3 



10 



m 



wherein R, which can be the same or different, is hydrogen, or a substituted or unsubstituted saturated 
15 alkyl radical, or a substituted or unsubstituted phenyl radical, at least too R's are hydrogen, and m is an 

integer from 0 to 1000; and 

wherein the ratio of (i) hydrosilation reactive carbon-carbon double bonds in the polyene, to (ii) ^SiH 
groups in the silicon compound, is from 0.1:1 to 1 .5:1 . 



20 5. The curable composition of claim 4, wherein: 



(a) the polyene comprises at least one polycyclic polyene selected from the group consisting of cyclopentadi- 
ene oligomers and substituted derivatives thereof; and 

(b) the silicon compound comprises a plurality of methylhydrocyclosiloxanes. 

25 

6. The curable composition of claim 5, wherein the polyene comprises at least one polycyclic polyene selected from 
the group consisting of dicyclopentadiene, tricyclopentadiene, tetracyclopentadiene, and methyl dicyclopenta- 
dienes. 



30 7. The curable composition of claim 4, wherein: 

(a) the polyene comprises at least one polycyclic polyene selected from the group consisting of cyclopentadi- 
ene oligomers and substituted derivatives thereof; and 

(b) the silicon compound comprises at least one member selected from the group consisting of linear polysi- 
35 loxanes having the formula: 



40 



(R) 3 Si-0 SiO- 



45 



-Si(R) 



m 



wherein R, which can be the same or different, is hydrogen, or a substituted or unsubstituted saturated alkyl 
50 radical, or a substituted or unsubstituted phenyl radical, at least three R's are hydrogen, and m is an integer 

from Oto 1000. 



8. The curable composition of claim 7, wherein the polyene comprises at least one member selected from the group 
consisting of dicyclopentadiene, tricyclopentadiene, tetracyclopentadiene, and methyl dicyclopentadienes. 

55 

9. The curable composition of claim 1 , wherein the compound comprising at least one epoxy functionality further com- 
prises at least one hydrosilation reactive carbon-carbon double bond. 



25 
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10. The curable composition of claim 1 , further comprising a curing agent. 



11. The curable composition of claim 10, wherein the curing agent comprises a polycarboxylic anhydride. 
5 12. The curable composition of claim 10, further comprising a curing accelerator. 

13. The curable composition of claim 10, wherein the curing agent comprises an amine. 

14. A cured composition, resulting from subjecting the curable composition of any of the preceeding claims to condi- 
w tions suitable for crosslinking the polyene and the silicon compound, and for effecting ring opening polymerisation 

of the compound comprising at least one epoxy functionality. 

15. A curable composition comprising: 

is (a) a crosslinkable organosilicon prepolymer, comprising the hydrosilation reaction product of reactants com- 

prising the following: 

(i) a polyene having at least two hydrosilation reactive carbon-carbon double bonds; and 

(ii) a silicon compound, having at least two hydrosilation reactive ^SiH groups, and comprising at least one 
20 member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear 

polysiloxanes; 

wherein at least one of the polyene and the silicon compound has more than two hydrosilation reac- 
tive sites; and 

25 (b) a compound comprising at least one epoxy functionality. 

16. The curable composition of claim 1 5, wherein the polyene comprises the reaction product of: 

(a) an initial polyene having at least two hydrosilation reactive carbon-carbon double bonds; and 

30 (b) a silicon compound, having at least two hydrosilation reactive =SiH groups, and comprising at least one 

member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear polysi- 
loxanes; 

wherein the ratio of (i) hydrosilation reactive carbon-carbon double bonds in the initial polyene, to (ii) 
sSiH groups in the at least one silicon compound, is at least 1 .8:1 . 

35 

17. The curable composition of claim 15, further comprising a hydrosilation catalyst. 

18. The curable composition of claim 15, wherein: 

40 (a) the polyene comprises at least one member selected from the group consisting of polycyclic polyenes; 

(b) the silicon compound comprises at least one member selected from the group consisting of: 

(i) cyclic polysiloxanes having the formula: 



45 



50 



55 



R R 

\/ 

Si-0 



(G-Si) 

/\ n 
R R 



wherein R, which can be the same or different, is hydrogen, or a saturated, substituted, or unsubstituted 
alkyl or alkoxy radical, or a substituted or unsubstituted aromatic or aryloxy radical, n is an integer from 2 
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to 20, and R is hydrogen on at least two of the silicon atoms; 
(ii) tetrahedral siloxysilanes having the formula: 



10 



Si 



R 

I 

-O-Si-R 

i 

R 



15 



wherein R is as defined above, and is hydrogen on at least two silicon atoms in the molecule; and 
(iii) linear potysiloxanes having the formula: 



20 



25 



(R) 3 Si-0 



R 

i 

SiO- 

I 

R 



'Si(R) 



m 



wherein R, which can be the same or different, is hydrogen, or a substituted or unsubstituted saturated 
30 alkyl radical, or a substituted or unsubstituted phenyl radical, at least two R's are hydrogen, and m is an 

integer from 0 to 1000; and 

wherein the ratio of (i) hydrosilation reactive carbon-carbon double bonds in the polyene, to (ii) sSiH 
groups in the silicon compound, is from 0.1 :1 to 1 .5:1 . 

35 19. The curable composition of claim 18, wherein: 

(a) the polyene comprises at least one polycyclic polyene selected from the group consisting of cyclopentadi- 
ene oligomers and substituted derivatives thereof; and 

(b) the silicon compound comprises a plurality of methylhydrocyclosiloxanes. 

40 

20. The curable composition of claim 19, wherein the polyene comprises at least one polycyclic polyene selected from 
the group consisting of dicyclopentadiene, tricyclopentadiene, tetracyclopentadiene, and methyl dicyclopenta- 
dienes. 

45 21. The curable composition of claim 18, wherein: 

(a) the polyene comprises at least one polycyclic polyene selected from the group consisting of cyclopentadi- 
ene oligomers and substituted derivatives thereof; and 

(b) the silicon compound comprises at least one member selected from the group consisting of linear polysi- 
so loxanes having the formula: 



55 
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R 



{R)-,Si-0- SiO 



3 



I 



10 



R 



Si(R) 3 



m 



wherein R, which can be the same or different, is hydrogen, or a substituted or unsubstituted saturated alkyl 
15 radical, or a substituted or unsubstituted phenyl radical, at least three R's are hydrogen, and m is an integer 

from 0 to 1000. 

22. The curable composition of claim 21 , wherein the polyene comprises at least one member selected from the group 
consisting of dicyclopentadiene, tricyclopentadiene, tetracyclopentadiene, and methyl dicyclopentadienes. 

20 

23. The curable composition of claim 15, wherein the compound comprising at least one epoxy functionality further 
comprises at least one hydrosilation reactive carbon-carbon double bond. 

24. The curable composition of claim 15, further comprising a curing agent. 

25 

25. The curable composition of claim 24, wherein the curing agent comprises a polycarboxylic anhydride. 

26. The curable composition of claim 24, further comprising a curing accelerator. 

30 27. The curable composition of claim 24, wherein the curing agent comprises an amine. 

28. A cured composition, resulting from subjecting the curable composition of claims 15-27 to conditions suitable for 
crosslinking the crosslinkable organosilicon prepolymer, and for effecting ring opening polymerization of the com- 
pound comprising at least one epoxy functionality. 



35 



29. A process of preparing a cured composition of claim 14, 



comprising subjecting the curable composition to conditions suitable for crosslinking the polyene and the sili- 
con compound, and for effecting ring opening polymerization of the compound comprising at least one epoxy 
40 functionality. 

30. A process for preparing the cured composition of claim 28 comprising subjecting a curable composition to condi- 
tions suitable for crosslinking the crosslinkable organosilicon prepolymer, and for effecting ring opening polymeri- 
zation of the compound comprising at least one epoxy functionality. 

45 

31. The process of claim 30, comprising thermally curing the curable composition. 

32. A curable composition comprising: 

50 (a) a silicon compound, having at least three hydrosilation reactive =S\H groups, and comprising at least one 

member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear polysi- 
loxanes; 

(b) a compound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon-car- 
bon double bond; and 
55 (c) a curing agent. 

33. The curable composition of claim 32, further comprising a hydrosilation catalyst. 
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34. The curable composition of claim 32, wherein the silicon compound comprises at least one member selected from 
the group consisting of: 

(a) cyclic polysiloxanes having the formula: 



R R 

\/ 
Si-0 



(O-Sii 

/ \ n 

R R 



wherein R, which can be the same or different, is hydrogen, or a saturated, substituted, or unsubstituted alkyl 
or alkoxy radical, or a substituted or unsubstituted aromatic or aryloxy radical, n is an integer from 2 to 20, and 
R is hydrogen on at least two of the silicon atoms; 
(b) tetrahedral siloxysilanes having the formula: 



Si 



-O-Si-R 

I 

R 



wherein R is as defined above, and is hydrogen on at least two silicon atoms in the molecule; and 
(c) linear polysiloxanes having the formula: 



(R) 3 Si-0 



-SiO- 



Si(R) 



m 



wherein R, which can be the same or different, is hydrogen, or a substituted or unsubstituted saturated alkyl 
radical, or a substituted or unsubstituted phenyl radical, at least two R's are hydrogen, and m is an integer from 
Oto 1000; and 

wherein the curable composition comprises a sufficient amount, of the compound comprising at least 
one epoxy functionality and at least one hydrosilation reactive carbon-carbon double bond, for at least substan- 
tially complete hydrosilation of the silicon compound hydrosilation reactive eSiH groups. 

35. The curable composition of claim 34, wherein: 



(a) the silicon compound comprises a plurality of methylhydrocyclosiloxanes; and 

(b) the compound, comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond, is selected from the group consisting of vinyl cyclohexene monoxide and allyl glycidyl 
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ether. 



36. The curable composition of claim 32, further comprising a curing accelerator. 
5 37. A cured composition, resulting from subjecting the curable composition of claim 32 to conditions suitable for: 

(a) effecting hydrosilation of (i) the silicon compound, and (ii) the compound comprising at least one epoxy 
functionality and at least one hydrosilation reactive carbon-carbon double bond; and 

(b) effecting ring opening polymerization of the epoxy functionality. 



10 



15 



20 



25 



38. A curable composition comprising: 

(a) an epoxy-substituted silicon compound, comprising the hydrosilation reaction product of reactants compris- 
ing the following: 

(i) a silicon compound, having at least three hydrosilation reactive ^SiH groups, and comprising at least 
one member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and lin- 
ear polysiloxanes; and 

(ii) a compound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond; and 

(b) a curing agent. 

39. The curable composition of claim 38, further comprising a hydrosilation catalyst. 

40. The curable composition of claim 38, wherein the silicon compound comprises at least one member selected from 
the group consisting of: 



30 



35 



(a) cyclic polysiloxanes having the formula: 



R R 

\/ 
Si-0 



(O-Si) 



/ 



40 



n 



45 



wherein R, which can be the same or different, is hydrogen, or a saturated, substituted, or unsubstituted alkyl 
or alkoxy radical, or a substituted or unsubstituted aromatic or aryloxy radical, n is an integer from 2 to 20, and 
R is hydrogen on at least two of the silicon atoms; 
(b) tetrahedral siloxysilanes having the formula: 



50 



55 



Si 



O-Si-R 



L » J 



wherein R is as defined above, and is hydrogen on at least two silicon atoms in the molecule; and 
(c) linear polysiloxanes having the formula: 
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(R) 3 Si-0- 



SiO- 

I 

R 



•Si(R) 



m 



wherein R, which can be the same or different, is hydrogen, or a substituted or unsubstituted saturated alkyl 
radical, or a substituted or unsubstituted phenyl radical, at least two R's are hydrogen, and m is an integer from 
Oto 1000; and 

wherein the amount, of the compound comprising at least one epoxy functionality and at least one 
hydrosilation reactive carbon-carbon double bond, is sufficient for at least substantially complete hydrosilation 
of the silicon compound hydrosilation reactive =SiH groups, the epoxy-substituted silicon compound thereby 
being at least substantially fully epoxy-substituted. 

41. The curable composition of claim 40, wherein: 

(a) the silicon compound comprises a plurality of methylhydrocyclosiloxanes; and 

(b) the compound, comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond, comprises a member selected from the group consisting of vinyl cyclohexene monoxide 
and allyl glycidyl ether. 

42. The curable composition of claim 38, further comprising a curing accelerator. 

43. A cured composition, resulting from subjecting the curable composition of claim 38 to conditions suitable for effect- 
ing ring opening polymerization of the epoxy functionality. 

44. A curable composition comprising: 

(a) a partially epoxy-substituted silicon compound, having hydrosilation reactive sSiH groups, and comprising 
the hydrosilation reaction product of reactants comprising the following: 

(i) a silicon compound, having at least two hydrosilation reactive =SiH groups, and comprising at least one 
member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear 
polysiloxanes; and 

(ii) a compound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond; 

wherein the amount, of the compound comprising at least one epoxy functionality and at least one hydrosi- 
lation reactive carbon-carbon double bond, is sufficient only for partial hydrosilation of the silicon com- 
pound hydrosilation reactive ^SiH groups; and 

(b) a polyene having at least two hydrosilation reactive carbon-carbon double bonds. 

45. The curable composition of claim 44, further comprising a hydrosilation catalyst. 

46. The curable composition of claim 44, wherein: 

(a) the polyene comprises at least one member selected from the group consisting of polycyclic polyenes; and 

(b) the silicon compound comprises at least one member selected from the group consisting of: 

(i) cyclic polysiloxanes having the formula: 



31 



EP0 600 512 B1 



10 



R R 

\/ 
Si-0 



(0-Si) n 

/ \ n 
R R 



75 



wherein R, which can be the same or different, is hydrogen, or a saturated, substituted, or unsubstituted 
alkyl or alkoxy radical, or a substituted or unsubstituted aromatic or aryloxy radical, n is an integer from 2 
to 20, and R is hydrogen on at least two of the silicon atoms'; 
(ii) tetrahedral siloxysilanes having the formula: 



20 



25 



)-Si-R 
R 



wherein R is as defined above, and is hydrogen on at least two silicon atoms in the molecule; and 
(iii) linear polysiloxanes having the formula: 



30 



35 



(R) 3 Si-0— 



-SiO< 



40 



Si(R) 



m 



wherein R, which can be the same or different, is hydrogen, or a substituted or unsubstituted saturated 
45 alkyl radical, or a substituted or unsubstituted phenyl radical, at least two R's are hydrogen, and m is an 

integer from 0 to 1000; 

wherein the curable composition comprises a sufficient amount, of the polyene, for at least substantially 
complete hydrosilation, of the partially epoxy-substituted silicon compound hydrosilation reactive ^SiH 
groups left unreacted by the compound comprising at least one epoxy functionality and at least one 
so hydrosilation reactive carbon-carbon double bond. 

47. The curable composition of claim 46, wherein: 

(a) the polyene comprises dicyclopentadiene; 
55 (b) the silicon compound comprises a plurality of methylhydrocyclosiloxanes; and 

(c) the compound, comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond, comprises a member selected from the group consisting of vinyl cyclohexene monoxide 
and allyl glycidyl ether. 
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48. A process of preparing a cured composition, from a blend comprising: 

(a) a silicon compound, having at least three hydrosilation reactive ^SiH groups, and comprising at least one 
member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear polysi- 
loxanes; 

(b) a compound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon-car- 
bon double bond; 

(c) a curing agent; and 

(d) a hydrosilation catalyst; 

the process comprising subjecting the blend to conditions suitable for (i) effecting hydrosilation of the silicon 
compound, and the compound comprising at least one epoxy functionality and at least one hydrosilation reac- 
tive carbon-carbon double bond, and for (ii) effecting ring opening polymerization of the epoxy functionality. 

49. The process of claim 48, wherein: 

(a) the silicon compound comprises a plurality of methylhydrocyclosiloxanes; and 

(b) the compound, comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond, comprises a member selected from the group consisting of vinyl cyclohexene monoxide 
and allyl glycidyl ether; 

the blend comprising a sufficient amount, of the compound comprising at least one epoxy functionality 
and at least one hydrosilation reactive carbon-carbon double bond, for at least substantially complete hydrosi- 
lation of the silicon compound hydrosilation reactive ^SiH groups. 

50. The process of claim 48, wherein the blend further comprises a curing accelerator. 

51. A process of preparing a cured composition, from a blend comprising: 

(a) an epoxy-substituted silicon compound, comprising the hydrosilation reaction product of reactants compris- 
ing the following: 

(i) a silicon compound, having at least three hydrosilation reactive =SiH groups, and comprising at least 
one member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and lin- 
ear polysiloxanes; and 

(ii) a compound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond; and 

(b) a curing agent; 

the process comprising subjecting the blend to conditions suitable for effecting ring opening polymeri- 
zation of the epoxy functionality. 

52. The process of claim 51, further comprising the preliminary step of preparing the epoxy-substituted silicon com- 
pound, the preliminary step comprising effecting hydrosilation of: 

(a) the silicon compound; and 

(b) the compound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond; 

in the presence of a hydrosilation catalyst. 

53. The process of claim 51, wherein: 

(a) the silicon compound comprises a plurality of methylhydrocyclosiloxanes; and 

(b) the compound, comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond, comprises a member selected from the group consisting of vinyl cyclohexene monoxide 
and allyl glycidyl ether; 

the amount, of the compound comprising at least one epoxy functionality and at least one hydrosilation 
reactive carbon-carbon double bond, being sufficient for at least substantially complete hydrosilation of the sil- 
icon compound hydrosilation reactive aSiH groups, the epoxy-substituted silicon compound thereby being at 
least substantially fully epoxy-substituted. 
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54. The process of claim 51 , wherein the blend further comprises a curing accelerator. 

55. A process of preparing a cured composition, from a blend comprising: 

(a) a partially epoxy-substituted silicon compound, having hydrosilation reactive sSiH groups, and comprising 
the hydrosilation reaction product of reactants comprising the following: 

(i) a silicon compound, having at least two hydrosilation reactive ^SiH groups, and comprising at least one 
member selected from the group consisting of cyclic polysiloxanes, tetrahedral siloxysilanes, and linear 
polysiloxanes; and 

(ii) a compound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond; 

(b) a polyene having at least two hydrosilation reactive carbon-carbon double bonds; and 

(c) a hydrosilation catalyst; 

wherein the amount, of the compound comprising at least one epoxy functionality and at least one hydrosila- 
tion reactive carbon-carbon double bond, is sufficient only for partial hydrosilation of the silicon compound 
hydrosilation reactive ^SiH groups; 

the process comprising subjecting the blend to conditions suitable for effecting hydrosilation of the partially 
epoxy-substituted silicon compound and the polyene. 

56. The process of claim 55, further comprising the preliminary step of preparing the partially epoxy-substituted silicon 
compound, the preliminary step comprising effecting hydrosilation of: 

(a) the silicon compound; and 

(b) the compound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond; 

in the presence of a hydrosilation catalyst. 

57. The process of claim 56, wherein: 

(a) the polyene comprises a plurality of cyclopentadiene oligomers; 

(b) the silicon compound comprises a plurality of methylhydrocyclosiloxanes; and 

(c) the compound, comprising at least one epoxy functionality and at least one hydrosilation reactive carbon- 
carbon double bond, comprises a member selected from the group consisting of vinyl cyclohexene monoxide 
and allyl glycidyl ether; and 

wherein the amount, of the polyene, is sufficient for at least substantially complete hydrosilation, of the 
partially epoxy-substituted silicon compound hydrosilation reactive ^SiH groups left unreacted by the com- 
pound comprising at least one epoxy functionality and at least one hydrosilation reactive carbon-carbon double 
bond. 

Patentanspriiche 

1 . Hartbare Zusammensetzung umfassend 

(a) ein Polyen mit mindestens zwei bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindun- 
gen; 

(b) eine Siliciumverbindung mit mindestens zwei bei der Hydrosilylierung reaktiven sSiH-Gruppen und umfas- 
send mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetraedri- 
schen Siloxysilanen und linearen Polysiloxanen; 

wobei mindestens eine der beiden Komponenten Polyen und Siliciumverbindung mehr als zwei bei der Hydro- 
silylierung reaktive Stellen hat und 

(c) eine Verbindung mit mindestens einer Epoxyfunktionalitat. 

2. Hartbare Zusammensetzung nach Anspruch 1 , worin das Polyen das Reaktionsprodukt von 

(a) einem Anfangspolyen mit mindestens zwei bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Dop- 
pelbindungen und 
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(b) einer Siliciumverbindung mit mindestens zwei bei der Hydrosilylierung reaktiven eSiH-Gruppen umfaBt, die 
mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetraedrischen 
Siloxysilanen und linearen Polysiloxanen umfaBt, 

wobei das Verhaltnis von (i) bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindungen in 
dem Anfangspolyen zu (ii) ^SiH-Gruppen in der mindestens einen Siliciumverbindung mindestens 1,8:1 ist. 

Hartbare Zusammensetzung nach Anspruch 1 , die weiter einen Hydrosilylierungskatalysator enthalt. 
Hartbare Zusammensetzung nach Anspruch 1, worin 

(a) das Polyen mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus polycyclischen Polyenen 
umfaBt; 

(b) die Siliciumverbindung mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus 

(i) cyclischen Polysiloxanen der Formel 



R R 
\/ 
Si-0 



L 



<0-Si) 

/\ " 
R R 



worin die Reste R, die gleich oder verschieden sein konnen, Wasserstoff oder gesattigte, substituierte 
oder unsubstituierte Alkyl- oder Alkoxyreste oder substituierte oder unsubstituierte aromatische oder Ary- 
loxyreste sind, n eine ganze Zahl von 2 bis 20 ist und R Wasserstoff an mindestens zwei Siliciumatomen 
ist; 

(ii) tetraedrischen Siloxysilanen der Formel 



Si 



I 

-C-Si-R 

1 

R 



worin R wie oben definiert ist und an mindestens zwei Siliciumatomen im Molekul Wasserstoff ist und 
(iii) linearen Polysiloxanen der Formel 



(R) 3 Si-0 



iO- 



-Si(R) 



m 



worin die Reste R, die gleich oder verschieden sein konnen, Wasserstoff oder substituierte oder unsubsti- 
tuierte gesattigte Alkylreste oder substituierte oder unsubstituierte Phenylreste sind, wobei mindestens 
zwei Reste R Wasserstoff sind und m eine ganze Zahl von 0 bis 1 000 ist, umfaBt, wobei das Verhaltnis von 
(i) bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindungen in dem Polyen zu (ii) =SiH- 
Gruppenin der Siliciumverbindung 0,1:1 bis 1,5:1 ist. 
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5. Hartbare Zusammensetzung nach Anspruch 4, worin 

(a) das Polyen mindestens ein polycyclisches Polyen ausgewahlt aus der Gruppe bestehend aus Cyclopenta- 
dienoligomeren und substituierten Derivaten davon umfaBt und 

(b) die Siliciumverbindung eine Vielzahl von Methylhydrocyclosiloxanen umfaBt. 

6. Hartbare Zusammensetzung nach Anspruch 5, worin das Polyen mindestens ein polycyclisches Polyen ausge- 
wahlt aus der Gruppe bestehend aus Dicyclopentadien, Tricyclopentadien, Tetracyclopentadien und Methyldicyclo- 
pentadienen umfaBt. 

7. Hartbare Zusammensetzung nach Anspruch 4, worin 



(a) das Polyen mindestens ein polycyclisches Polyen ausgewahlt aus der Gruppe bestehend aus Cyclopenta- 
dienoligomeren und substituierten Derivaten davon umfaBt und 
75 (b) die Siliciumverbindung mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus linearen Poly- 

siloxanen der Formel 



20 



(R> 3 Si-0 



R 

i 



-Si<R) 3 



m 



25 



umfaBt, worin die Reste R, die gleich oder verschieden sein konnen, Wasserstoff oder substituierte oder 
unsubstituierte gesattigte Alkylreste oder substituierte oder unsubstituierte Phenylreste sind, wobei minde- 
stens drei Reste R Wasserstoff sind, und m eine ganze Zahl von 0 bis 1000 ist. 

30 

8. Hartbare Zusammensetzung nach Anspruch 7, worin das Polyen mindestens ein Mitglied ausgewahlt aus der 
Gruppe bestehend aus Dicyclopentadien, Tricyclopentadien, Tetracyclopentadien und Methyldicyclopentadienen 
umfaBt. 

35 9. Hartbare Zusammensetzung nach Anspruch 1 , worin die Verbindung mit mindestens einer Epoxyf unktionalitat wei- 
terhin mindestens eine bei der Hydrosilylierung reaktive Kohlenstoff-Kohlenstoff-Doppelbindung aufweist. 

10. Hartbare Zusammensetzung nach Anspruch 1 , die weiterhin ein Hartungsmittel enthalt. 

40 11. Hartbare Zusammensetzung nach Anspruch 10, worin das Hartungsmittel ein Polycarbonsaureanhydrid umfaBt. 

12. Hartbare Zusammensetzung nach Anspruch 10, die weiterhin einen Hartungsbeschleuniger umfaBt. 

13. Hartbare Zusammensetzung nach Anspruch 10, worin das Hartungsmittel ein Amin umfaBt. 



45 



50 



55 



14. Gehartete Zusammensetzung, die entstanden ist, indem die hartbare Zusammensetzung nach einem der vorher- 
gehenden Anspruche solchen Bedingungen unterzogen wurde, die geeignet sind zur Vernetzung des Polyens und 
der Siliciumverbindung und urn eine Ringoffnungspolymerisation der Verbindung mit mindestens einer Epoxyfunk- 
tionalitat zu bewirken. 

15. Hartbare Zusammensetzung umfassend: 

(a) ein vernetzbares Organosiliciumprapolymer, das das Hydrosilylierungreaktionsprodukt der folgenden 
Reaktanten umfaBt: 

(i) einem Polyen mit mindestens zwei bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppel- 
bindungen und 

(ii) einer Siliciumverbindung mit mindestens zwei bei der Hydrosilylierung reaktiven ^SiH-Gruppen, die 
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mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetraedri- 
schen Siloxysilanen und linearen Polysiloxanen umfaBt; 

worin mindestens eine der beiden Komponenten Polyen und Siliciumverbindung mehr als zwei bei der 
Hydrosilylierung reaktive Stellen hat und 

(b) eine Verbindung mit mindestens einer Epoxyfunktionalitat. 

16. Hartbare Zusammensetzung nach Anspruch 15, worin das Polyen das Reaktionsprodukt von 

(a) einem Anfangspolyen mit mindestens zwei bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Dop- 
pelbindungen und 

(b) einer Siliciumverbindung mit mindestens zwei bei der Hydrosilylierung reaktiven sSiH-Gruppen umfaBt, die 
mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetraedrischen 
Siloxysilanen und linearen Polysiloxanen umfaBt; 

wobei das Verhaltnis von (i) bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindungen in 
dem Anfangspolyen zu (ii) ^SiH-Gruppen in der mindestens einen Siliciumverbindung mindestens 1,8:1 ist. 

17. Hartbare Zusammensetzung nach Anspruch 15, die weiterhin einen Hydrosilylierungskatalysator umfaBt. 

18. Hartbare Zusammensetzung nach Anspruch 15, worin 

(a) das Polyen mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus polycyclischen Polyenen 
umfaBt; (b) die Siliciumverbindung mindestens ein Mitglied aus 
gewahlt aus der Gruppe bestehend aus 

(i) cyclischen Polysiloxanen der Formel 



R R 
\/ 
Si-0 



L 



(O-Si) 
/ \ 



worin die Reste R, die gleich Oder verschieden sein konnen, Wasserstoff Oder gesattigte, substituierte 
Oder unsubstituierte Alkyl- Oder Alkoxyreste oder substituierte Oder unsubstituierte aromatische Oder Ary- 
loxyreste sind, n eine ganze Zahl von 2 bis 20 ist und R Wasserstoff an mindestens zwei der Siliciumatome 
ist; 

(ii) tetraedrischen Siloxysilanen der Formel 



Si 



I 

•G-Si-R 
R 



worin die Reste R wie oben definiert sind und Wasserstoff an mindestens zwei Siliciumatomen im Molekul 
vorhanden ist und 

(iii) linearen Polysiloxanen der Formel 
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(R) 3 Si-0 



1\ 

-JiO ; 



-Sim 



m 



10 



15 



worin die Reste R, die gleich oder verschieden sein konnen, Wasserstoff Oder substituierte Oder unsubsti- 
tuierte gesattigte Alkylreste oder substituierte Oder unsubstituierte Phenylreste sind, wobei mindestens 
zwei Reste R Wasserstoff sind, und m eine ganze Zahl von 0 bis 1000 ist, umfaBt und 
worin das Verhaltnis von (i) bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindungen in 
dem Polyen zu (ii) ^SiH-Gruppen in der Siliciumverbindung 0,1 :1 bis 1 ,5:1 ist. 



20 



30 



19. Hartbare Zusammensetzung nach Anspruch 18, worin 

(a) das Polyen mindestens ein polycyclisches Polyen ausgewahlt aus der Gruppe bestehend aus Cyclopenta- 
dienoligomeren und substituierten Derivaten davon umfaBt und 

(b) die Siliciumverbindung eine Vielzahl von Methylhydrocyclosiloxanen umfaBt. 



20. Hartbare Zusammensetzung nach Anspruch 19, worin das Polyen mindestens ein polycyclisches Polyen ausge- 
wahlt aus der Gruppe bestehend aus Dicyclopentadien, Tricyclopentadien, Tetracyclopentadien und Methyldicyclo- 

25 pentadienen umfaBt. 

21. Hartbare Zusammensetzung nach Anspruch 18, worin 



(a) das Polyen mindestens ein polycyclisches Polyen ausgewahlt aus der Gruppe bestehend aus Cyclopenta- 
dienoligomeren und substituierten Derivaten davon umfaBt und 

(b) die Siliciumverbindung mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus linearen Poly- 
siloxanen der Formel 



35 



40 



(R) 3S1-O 



R 

-JiO- 



-Si(R) 



m 
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worin die Reste R, die gleich oder verschieden sein konnen, Wasserstoff oder substituierte oder unsubstitu- 
ierte gesattigte Alkylreste oder substituierte oder unsubstituierte Phenylreste sind, wobei mindestens drei 
Reste R Wasserstoff sind, und m eine ganze Zahl von 0 bis 1000 ist, umfaBt. 

22. Hartbare Zusammensetzung nach Anspruch 21 , worin das Polyen mindestens ein Mitglied ausgewahlt aus der 
Gruppe bestehend aus Dicyclopentadien, Tricyclopentadien, Tetracyclopentadien und Methyldicyclopentadienen 
umfaBt. 

23. Hartbare Zusammensetzung nach Anspruch 15, worin die Verbindung mit mindestens einer Epoxyfunktionalitat 
weiterhin mindestens eine bei der Hydrosilylierung reaktive Kohlenstoff-Kohlenstoff-Doppelbindung umfaBt. 

24. Hartbare Zusammensetzung nach Anspruch 15, die weiterhin ein Hartungsmittel enthalt. 

25. Hartbare Zusammensetzung nach Anspruch 24, worin das Hartungsmittel ein Polycarbonsaureanhydrid umfaBt. 

26. Hartbare Zusammensetzung nach Anspruch 24, die weiterhin einen Hartungsbeschleuniger umfaBt. 
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27. Hartbare Zusammensetzung nach Anspruch 24, worin das Hartungsmittel ein Amin umfaBt. 

28. Gehartete Zusammensetzung, die entstanden ist, indem die hartbare Zusammensetzung der Anspruche 15 bis 27 
solchen Bedingungen unterzogen wurde, die geeignet sind, urn das vernetzbare Organosiliciumprapolymer zu ver- 
netzen und urn eine Ringoffnungspolymerisation der Verbindung mit mindestens einer Epoxyfunktionalitat zu 
bewirken. 

29. Verfahren zur Herstellung einer geharteten Zusammensetzung nach Anspruch 14, umfassend, daB man die hart- 
bare Zusammensetzung solchen Bedingungen unterzieht, die geeignet sind, urn das Polyen und die Siliciumver- 
bindung zu vernetzen und die Ringoffnungspolymerisation der Verbindung mit mindestens einer 
Epoxyfunktionalitat zu bewirken. 

30. Verfahren zur Herstellung der geharteten Zusammensetzung nach Anspruch 28 umfassend, daB man eine hart- 
bare Zusammensetzung solchen Bedingungen unterzieht, die geeignet sind, urn das vernetzbare Organosilicium- 
prapolymer zu vernetzen und die Ringoffnungspolymerisation der Verbindung mit mindestens einer 
Epoxyfunktionalitat zu bewirken. 

31. Verfahren nach Anspruch 30, umfassend das thermische Harten der hartbaren Zusammensetzung. 

32. Hartbare Zusammensetzung umfassend: 

(a) eine Siliciumverbindung mit mindestens drei bei der Hydrosilylierung reaktiven ^SiH-Gruppen und mit min- 
destens einem Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetraedrischen 
Siloxysilanen und linearen Polysiloxanen; 

(b) eine Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung und 

(c) ein Hartungsmittel. 

33. Hartbare Zusammensetzung nach Anspruch 32, die weiterhin einen Hydrosilylierungskatalysator enthalt. 

34. Hartbare Zusammensetzung nach Anspruch 32, worin die Siliciumverbindung mindestens ein Mitglied ausgewahlt 
aus der Gruppe bestehend aus 

(a) cyclischen Polysiloxanen der Formel 

R R 
\/ 

j Si-0 

i 

I (O-Sii 

/ \ " 
R R 



worin die Reste R, die gleich oder verschieden sein konnen, Wasserstoff oder gesattigte, substituierte Oder 
unsubstituierte Alkyl- oder Alkoxyreste oder substituierte oder unsubstituierte aromatische oder Aryloxyreste 
sind, n eine ganze Zahl von 2 bis 20 ist und R Wasserstoff an mindestens zwei der Siliciumatome ist; 
(b) tetraedrischen Siloxysilanen der Formel 
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Si 



3 
I 

•C-Si-R 



worin die Reste R wie oben definiert sind und Wasserstoff an mindestens zwei Siliciumatomen im Molekul vor- 
handen ist und 

(c) linearen Polysiloxanen der Formel 



(R) 3 Si-0 



m 



worin die Reste R, die gleich Oder verschieden sein konnen, Wasserstoff oder substituierte oder unsubstitu- 
ierte gesattigte Alkylreste oder substituierte oder unsubstituierte Phenylreste sind, wobei mindestens zwei 
Reste R Wasserstoff sind, und m eine ganze Zahl von 0 bis 1000 ist, umfaBt und 

worin die hartbare Zusammensetzung eine ausreichende Menge der Verbindung mit mindestens einer Epoxy- 
funktionalitat und mindestens einer bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung 
umfaBt, fur eine zumindest im wesentlichen vollstandige Hydrosilylierung der bei der Hydrosilylierung reakti- 
ven sSiH-Gruppen der Siliciumverbindung. 

35. Hartbare Zusammensetzung nach Anspruch 34, worin 

(a) die Siliciumverbindung eine Mehrzahl von Methylhydrocyclosiloxanen umfaBt und 

(b) die Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ausgewahlt ist aus der Gruppe bestehend aus Vinylcyclohe- 
xenmonoxid und Allylglycidylether. 

36. Hartbare Zusammensetzung nach Anspruch 32, weiter umfassend einen Hartungsbeschleuniger. 

37. Gehartete Zusammensetzung, die entstanden ist, indem die hartbare Zusammensetzung nach Anspruch 32 sol- 
chen Bedingungen unterzogen wurde, die geeignet sind, urn 

(a) eine Hydrosilylierung von (i) der Siliciumverbindung und (ii) der Verbindung mit mindestens einer Epoxy- 
funktionalitat und mindestens einer bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung 
zu bewirken und 

(b) die Ringoffnungspolymerisation der Epoxyfunktionalitat zu bewirken. 

38. Hartbare Zusammensetzung umfassend: 

(a) eine epoxysubstituierte Siliciumverbindung umfassend das Hydrosilylierungsreaktionsprodukt der folgen- 
den Reaktanten: 

(i) einer Siliciumverbindung mit mindestens drei bei der Hydrosilylierung reaktiven eSiH-Gruppen und mit 
mindestens einem Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetra- 
edrischen Siloxysilanen und linearen Polysiloxanen und 

(ii) einer Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylie- 
rung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung und 
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(b) ein Hartungsmittel. 

39. Hartbare Zusammensetzung nach Anspruch 38, weiter enthaltend einen Hydrosilylierungskatalysator. 

5 40. Hartbare Zusammensetzung nach Anspruch 38, worin die Siliciumverbindung mindestens ein Mitglied ausgewahlt 
aus der Gruppe bestehend aus 

(a) cyclischen Polysiloxanen der Formel 

10 

R R 
\/ 

i Si-0 1 

! 

L 

I — (O-Si) — I 

/ \ n 
R R 



worin die Reste R, die gleich Oder verschieden sein konnen, Wasserstoff oder gesattigte, substituierte oder 
unsubstituierte Alkyl- oder Alkoxyreste oder substituierte oder unsubstituierte aromatische Oder Aryloxyreste 
sind, n eine ganze Zahl von 2 bis 20 ist und R Wasserstoff an mindestens zwei der Siliciumatome ist; 
25 (b) tetraedrischen Siloxysilanen der Formel 



30 



Si 



I 

•G-Si-R 



35 worin die Reste R wie oben definiert sind und Wasserstoff an mindestens zwei Siliciumatomen im Molekul vor- 

handen ist und 

(c) linearen Polysiloxanen der Formel 



40 



(R) 3 Si-0- 



45 



iiO- 



m 



worin die Reste R, die gleich oder verschieden sein konnen, Wasserstoff oder substituierte oder unsubstitu- 
ierte gesattigte Alkylreste oder substituierte oder unsubstituierte Phenylreste sind, wobei mindestens zwei 

so Reste R Wasserstoff sind, und m eine ganze Zahl von 0 bis 1000 ist, umfaBt und 

worin die Menge der Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der 
Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ausreichend ist fur eine zumindest im 
wesentlichen vollstandige Hydrosilylierung der bei der Hydrosilylierung reaktiven sSiH-Gruppen der Silicium- 
verbindung, wobei die epoxysubstituierte Siliciumverbindung mindestens im wesentlichen vollstandig epoxy- 

55 substituiert ist. 

41 . Hartbare Zusammensetzung nach Anspruch 40, worin 
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(a) die Siliciumverbindung eine Mehrzahl von Methylhydrocyclosiloxanen umfaBt und 

(b) die Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ein Mitglied ausgewahlt aus der Gruppe bestehend aus 
Vinylcyclohexenmonoxid und Allylglycidylether umfaBt. 

5 

42. Hartbare Zusammensetzung nach Anspruch 38, die weiterhin einen Hartungsbeschleuniger umfaBt. 

43. Gehartete Zusammensetzung, die entstanden ist, indem die hartbare Zusammensetzung nach Anspruch 38 sol- 
chen Bedingungen unterzogen wurde, die geeignet sind, urn eine Ringoffnungspolymerisation der Epoxyfunktiona- 

w litat zu bewirken. 

44. Hartbare Zusammensetzung umfassend 

(a) eine teilweise epoxysubstituierte Siliciumverbindung mit bei der Hydrosilylierung reaktiven ^SiH-Gruppen 
15 und umfassend das Hydrosilylierungsreaktionsprodukt der folgenden Reaktanten: 

(i) einer Siliciumverbindung mit mindestens zwei bei der Hydrosilylierung reaktiven aSiH-Gruppen und mit 
mindestens einem Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetra- 
edrischen Siloxysilanen und linearen Polysiloxanen und 
20 (ii) einer Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylie- 

rung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung; 

wobei die Menge der Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der 
Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ausreichend ist nur fur eine teilweise 
25 Hydrosilylierung der bei der Hydrosilylierung reaktiven ^SiH-Gruppen der Siliciumverbindung und 

(b) ein Polyen mit mindestens zwei bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindun- 
gen. 

45. Hartbare Zusammensetzung nach Anspruch 44, die weiterhin einen Hydrosilylierungskatalysator enthalt. 

30 

46. Hartbare Zusammensetzung nach Anspruch 44, worin 

(a) das Polyen mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus polycyclischen Polyenen 
umfaBt und 

35 (b) die Siliciumverbindung mindestens ein Mitglied umfaBt ausgewahlt aus der Gruppe bestehend aus 

(i) cyclischen Polysiloxanen der Formel 



40 



45 



R R 
\/ 
Si-0 



L 



/\ n 
R R 



50 worin die Reste R, die gleich oder verschieden sein konnen, Wasserstoff Oder gesattigte, substituierte 

Oder unsubstituierte Alkyl- oder Alkoxyreste oder substituierte oder unsubstituierte aromatische oder Ary- 
loxyreste sind, n eine ganze Zahl von 2 bis 20 ist und R Wasserstoff an mindestens zwei der Siliciumatome 
ist; 

(ii) tetraedrischen Siloxysilanen der Formel 

55 
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Si 



R 
I 

•C-Si-R 
R 



worin die Reste R wie oben definiert sind und Wasserstoff an mindestens zwei Siliciumatomen im Molekul 
vorhanden ist und 

(iii) linearen Polysiloxanen der Formel 



(R) 3 Si-0 



m 



worin die Reste R, die gleich Oder verschieden sein konnen, Wasserstoff oder substituierte oder unsubsti- 
tuierte gesattigte Alkylreste oder substituierte oder unsubstituierte Phenylreste sind, wobei mindestens 
zwei Reste R Wasserstoff sind, und m eine ganze Zahl von 0 bis 1000 ist, umfaBt und 
worin die hartbare Zusammensetzung eine ausreichende Menge des Polyens umfaBt fur eine mindestens 
im wesentlichen vollstandige Hydrosilylierung der bei der Hydrosilylierung reaktiven sSiH-Gruppen der 
teilweise epoxysubstituierten Siliciumverbindung, die in der Verbindung mit mindestens einer Epoxyfunk- 
tionalitat und mit mindestens einer bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbin- 
dung nicht umgesetzt wurden. 

47. Hartbare Zusammensetzung nach Anspruch 46, worin 

(a) das Polyen Dicyclopentadien umfaBt; 

(b) die Siliciumverbindung eine Mehrzahl von Methylhydrocyclosiloxanen umfaBt und 

(c) die Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ein Mitglied ausgewahlt aus der Gruppe bestehend aus 
Vinylcyclohexenmonoxid und Allylglycidylether umfaBt. 

48. Verfahren zur Herstellung einer geharteten Zusammensetzung aus einer Mischung umfassend 

(a) eine Siliciumverbindung mit mindestens drei bei der Hydrosilylierung reaktiven ^SiH-Gruppen und mit min- 
destens einem Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetraedrischen 
Siloxysilanen und linearen Polysiloxanen 

(b) eine Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung 

(c) ein Hartungsmittel 

(d) einen Hydrosilylierungskatalysator; 

wobei das Verfahren umfaBt, daB man die Mischung solchen Bedingungen unterwirft, die geeignet sind, urn (i) eine 
Hydrosilylierung der Siliciumverbindung und der Verbindung mit mindestens einer Epoxyfunktionalitat und minde- 
stens einer bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung zu bewirken und (ii) eine 
Ringoffnungspolymerisation der Epoxyfunktionalitat zu bewirken. 

49. Verfahren nach Anspruch 48, worin 

(a) die Siliciumverbindung eine Mehrzahl von Methylhydrocyclosiloxanen umfaBt und 

(b) die Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
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reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ein Mitglied ausgewahlt aus der Gruppe bestehend aus 
Vinylcyclohexenmonoxid und Allylglycidyiether umfaBt; 

wobei die Mischung eine ausreichende Menge der Verbindung mit mindestens einer Epoxyfunktionalitat und min- 
5 destens einer bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung umfaBt fur eine minde- 

stens im wesentlichen vollstandige Hydrosilylierung der bei der Hydrosilylierung reaktiven ^SiH-Gruppen der 
Siliciumverbindung. 

50. Verfahren nach Anspruch 48, worin die Mischung weiterhin einen Hartungsbeschleuniger enthalt. 

10 

51. Verfahren zur Herstellung einer geharteten Zusammensetzung aus einer Mischung umfassend 

(a) eine epoxysubstituierte Siliciumverbindung mit dem Hydrosilylierungsreaktionprodukt der folgenden Reak- 
tanten: 

15 

(i) einer Siliciumverbindung mit mindestens drei bei der Hydrosilylierung reaktiven ^SiH-Gruppen, die min- 
destens ein Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetraedrischen 
Siloxysilanen und linearen Polysiloxanen umfaBt und 

(ii) einer Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylie- 
20 rung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung und 

(b) ein Hartungsmittel; 

wobei das Verfahren umfaBt, daB man die Mischung solchen Bedingungen unterwirft, die geeignet sind, urn die 
25 Ringoffnungspolymerisation der Epoxyfunktionalitat zu bewirken. 

52. Verfahren nach Anspruch 51, das weiterhin die vorgeschaltete Stufe umfaBt, daB man die epoxysubstituierte Sili- 
ciumverbindung herstellt, wobei die vorgeschaltete Stufe umfaBt, daB man die Hydrosilylierung 

30 (a) der Siliciumverbindung und 

(b) der Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung bewirkt in Gegenwart eines Hydrosilylierungskatalysators. 

53. Verfahren nach Anspruch 51 , worin 

35 

(a) die Siliciumverbindung eine Mehrzahl von Methylhydrocyclosiloxanen umfaBt und 

(b) die Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ein Mitglied ausgewahlt aus der Gruppe bestehend aus 
Vinylcyclohexenmonoxid und Allylglycidyiether umfaBt; 

40 

wobei die Menge der Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosi- 
lylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ausreichend fur eine zumindest im wesentlichen voll- 
standige Hydrosilylierung der bei der Hydrosilylierung reaktiven ^SiH-Gruppen der Siliciumverbindung ist, wobei 
die epoxysubstituierte Siliciumverbindung mindestens im wesentlichen vollstandig epoxysubstituiert ist. 

45 

54. Verfahren nach Anspruch 51 , worin die Mischung weiterhin einen Hartungsbeschleuniger enthalt. 

55. Verfahren zur Herstellung einer geharteten Zusammensetzung aus einer Mischung umfassend: 

50 (a) eine teilweise epoxysubstituierte Siliciumverbindung mit bei der Hydrosilylierung reaktiven ^SiH-Gruppen, 

die das Hydrosilylierungsreaktionsprodukt der folgenden Reaktanten: 

(i) einer Siliciumverbindung mit mindestens zwei bei der Hydrosilylierung reaktiven ^SiH-Gruppen, die 
mindestens ein Mitglied ausgewahlt aus der Gruppe bestehend aus cyclischen Polysiloxanen, tetraedri- 

55 schen Siloxysilanen und linearen Polysiloxanen umfaBt und 

(ii) einer Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylie- 
rung reaktiven KohlenStoff-Kohlenstoff-Doppelbindung; 
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(b) ein Polyen mit mindestens zwei bei der Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindun- 
gen und 

(c) einen Hydrosilylierungskatalysator umfaBt; 

5 wobei die Menge der Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosi- 

lylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung nur ausreichend fur eine teilweise Hydrosilylierung der 
bei der Hydrosilylierung reaktiven ^SiH-Gruppen der Siliciumverbindung ist; wobei das Verfahren umfaBt, daB man 
die Mischung solchen Bedingungen unterzieht, die geeignet sind, urn die Hydrosilylierung der teilweisen epoxysub- 
stituierten Siliciumverbindung und des Polyens zu bewirken. 

10 

56. Verfahren nach Anspruch 55, das weiterhin die vorgeschaltete Stufe umfaBt, daB man die teilweise epoxysubstitu- 
ierte Siliciumverbindung herstellt, wobei die vorgeschaltete Stufe umfaBt, daB man die Hydrosilylierung 

(a) der Siliciumverbindung und 

is (b) der Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 

reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung in Gegenwart eines Hydrosilylierungskatalysators bewirkt. 

57. Verfahren nach Anspruch 56, worin 

20 (a) das Polyen eine Mehrzahl von Cyclopentadienoligomeren umfaBt; 

(b) die Siliciumverbindung eine Mehrzahl von Methylhydrocyclosiloxanen umfaBt und 

(c) die Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der Hydrosilylierung 
reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung ein Mitglied ausgewahlt aus der Gruppe bestehend aus 
Vinylcyclohexenmonoxid und Allylglycidylether umfaBt und 

25 

worin die Menge des Polyens ausreichend ist fur eine zumindest im wesentlichen vollstandige Hydrosilylierung der 
bei der Hydrosilylierung reaktiven ^SiH-Gruppen der teilweise epoxysubstituierten Siliciumverbindung, die nicht 
umgesetzt wurden durch die Verbindung mit mindestens einer Epoxyfunktionalitat und mindestens einer bei der 
Hydrosilylierung reaktiven Kohlenstoff-Kohlenstoff-Doppelbindung. 

30 

Revendications 

1 . Composition durcissable comprenant : 

35 (a) un polyene comportant au moins deux doubles liaisons carbone-carbone reactives d'hydrosilation; 

(b) un compose de silicium, comportant au moins deux groupes =SiH reactifs d'hydrosilation, et comprenant 
au moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes tetrae- 
driques et les polysiloxanes lineaires; 

dans laquelle au moins un des composes parmi le polyene et le compose de silicium comporte plus de 
40 deux sites reactifs d'hydrosilation; et 

(c) un compose comprenant au moins une fonctionnalite epoxy. 

2. Composition durcissable suivant la revendication 1 , dans laquelle le polyene comprend le produit de reaction : 

45 (a) d'un polyene initial comportant au moins deux doubles liaisons carbone-carbone reactives d'hydrosilation; 

et 

(b) d'un compose de silicium comportant au moins deux groupes ^SiH reactifs d'hydrosilation, et comprenant 
au moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes tetrae- 
driques et les polysiloxanes lineaires; 
so dans laquelle le rapport des (i) doubles liaisons carbone-carbone reactives d'hydrosilation dans le poly- 

ene initial, aux (ii) groupes ^SiH dans au moins le compose de silicium, est d'au moins 1 ,8/1 . 

3. Composition durcissable suivant la revendication 1 , comprenant de plus un catalyseur d'hydrosilation. 
55 4. Composition durcissable suivant la revendication 1 , dans laquelle : 

(a) le polyene comprend au moins un membre du groupe comprenant les polyenes polycycliques; 

(b) le compose de silicium comprend au moins un membre choisi dans le groupe comprenant : 
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(i) les polysiloxanes cycliques ayant la formule : 



\/ 

Si-0 



I (O-Si) 1 

/\ n 
R R 

dans laquelle les R, qui peuvent etre identiques ou differents, represented de I'hydrogdne ou un 
radical aikyle ou alcoxy substitud ou non substitue, sature, ou un radical aromatique ou aryloxy substitue 
ou non substitue, n est un nombre entier de 2 a 20, et R est de I'hydrogene sur au moins deux des atomes 
de silicium; 

(ii) les siloxysilanes tetraedriques ayant la formule : 




dans laquelle R est tel que defini precedemment, et est de I'hydrogene sur au moins deux atomes 
de silicium dans la molecule; et 
(iii) les polysiloxanes lineaires ayant la formule : 



(R) 3 Si-0 



-SiO- 



Si(R) 



m 



dans laquelle les R, qui peuvent etre identiques ou differents, represented de I'hydrogene ou un 
radical alkyie sature substitue ou non substitue, ou un radical phenyle substitue ou non substitue, au 
moins deux R represented de I'hydrogene, et m est un nombre entier de 0 a 1000; et 

dans laquelle le rapport des (i) doubles liaisons carbone-carbone reactives d'hydrosilation dans le 
polyene, aux (ii) groupes ^SiH dans le compose de silicium, est de 0,1/1 a 1 ,5/1 . 

Composition durcissable suivant la revendication 4, dans laquelle : 

( a) le polyene comprend au moins un polyene polycyclique choisi dans le groupe comprenant les oligomeres 

de cyclopentadiene et leurs derives substitues; et 
( b) le compose de silicium comprend une pluralite de methylhydrocyclosiloxanes. 

Composition durcissable suivant la revendication 5, dans laquelle le polyene comprend au moins un polyene poly- 
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cyclique choisi dans le groupe comprenant le dicyclopentadiene, le tricyclopentadiene, le tetracyclopentadfene et 
les methyl dicyclopentadienes. 

7. Composition durcissable suivant la revendication 4, dans laquelle : 



10 



15 



20 



(a) le polyene comprend au moins un polyene polycyclique choisi dans le groupe comprenant les oligomeres 
de cyclopentadiene et leurs derives substitues; et 

(b) le compose de silicium comprend au moins un membre du groupe comprenant les polysiloxanes lineaires 
ayant la formule : 



(R) 3 Si-0 



-SiO- 



-Si (R) 



m 



dans laquelle les R, qui peuvent etre identiques ou differents, representent de I'hydrogene ou un radical 
alkyle sature substitue ou non substitue, ou un radical ph£nyle substitue ou non substitue, au moins trois R 
25 representent de I'hydrogene, et m est un nombre entier de 0 a 1000. 

8. Composition durcissable suivant la revendication 7, dans laquelle le polyene comprend au moins un membre du 
groupe comprenant le dicyclopentadiene, le tricyclopentadiene, le tetracyclopentadiene et les methyl dicyclopen- 
tadienes. 

30 

9. Composition durcissable suivant la revendication 1 , dans laquelle le compose comprenant au moins une fonction- 
nalite epoxy comprend de plus au moins une double liaison carbone-carbone reactive d'hydrosilation. 

10. Composition durcissable suivant la revendication 1, comprenant de plus un agent de durcissement. 

35 

11. Composition durcissable suivant la revendication 10, dans laquelle I'agent de durcissement comprend un anhy- 
dride polycarboxylique. 

12. Composition durcissable suivant la revendication 10, comprenant de plus un accelerateur de durcissement. 

40 

13. Composition durcissable suivant la revendication 10, dans laquelle I'agent de durcissement comprend une amine. 

14. Composition durcie, resultant du traitement qui consiste a soumettre la composition durcissable suivant Tune quel- 
conque des revendications precddentes a des conditions appropriees pour reticuler le polyene et le compose de 

45 silicium, et pour effectuer une polymerisation par ouverture cyclique du compose comprenant au moins une fonc- 
tionnalite epoxy. 

15. Composition durcissable comprenant : 

50 (a) un prepolymere organosilicique reticulable, comprenant le produit de reaction d'hydrosilation de rdactifs 

comprenant les composes suivants : 

(i) un polyene comportant au moins deux doubles liaisons carbone-carbone reactives d'hydrosilation; et 

(ii) un compose de silicium, comportant au moins deux groupes ^SiH rdactifs d'hydrosilation, et compre- 
55 nant au moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes 

tetraedriques et les polysiloxanes lineaires; 

dans laquelle au moins un des composes parmi le polyene et le compose de silicium comporte plus 
de deux sites reactifs d'hydrosilation; et 
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(b) un compose comprenant au moins une fonctionnalite epoxy. 



16. Composition durcissable suivant la revendication 15, dans laquelle ie polyene comprend le produit de reaction : 

(a) d'un polyene initial comportant au moins deux doubles liaison carbone-carbone reactives d'hydrosilation; et 

(b) un compose de silicium, comportant au moins deux groupes ^SiH reactifs d'hydrosilation, et comprenant 
au moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes tetrae- 
driques et les polysiloxanes lin^aires; 

dans laquelle le rapport des (i) doubles liaisons carbone-carbone reactives d'hydrosilation dans le poly- 
ene initial, aux (ii) groupes aSiH dans au moins le compose de silicium, est d'au moins 1 ,8/1 . 

17. Composition durcissable suivant la revendication 15, comprenant de plus un catalyseur d'hydrosilation. 

18. Composition durcissable suivant la revendication 15, dans laquelle : 

(a) le polyene comprend au moins un membre du groupe comprenant les polyenes polycycliques; 

(b) le compose de silicium comprend au moins un membre choisi dans le groupe comprenant : 

(i) les polysiloxanes cycliques ayant la formule : 



R R 

\/ 
Si-0 



I (G-Si) 



dans laquelle les R, qui peuvent etre identiques ou differents, represented de I'hydrogene ou un 
radical alkyle ou alcoxy substitue ou non substitue, sature, ou un radical aromatique ou aryloxy substitue 
ou non substitue, n est un nombre entier de 2 & 20, et R est de I'hydrogene sur au moins deux des atomes 
de silicium; 

(ii) les siloxysilanes tetraedriques ayant la formule : 



Si 



L 



R 
I 

-O-Si-R 



dans laquelle R est tel que defini precedemment, et est de I'hydrogene sur au moins deux atomes 
de silicium dans la molecule; et 
(iii) les polysiloxanes lineaires ayant la formule : 
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R 



(R) -Si-0 



SiO 



Si(R) 



R 



dans laquelle les R, qui peuvent etre identiques ou differents, representent de I'hydrogene ou un radical 
alkyle sature substitu§ ou non substitue, ou un radical phenyle substitu^ ou non substitue, au moins deux 
R representent de I'hydrogene, et m est un nombre entier de 0 & 1000; et 

dans laquelle le rapport des (i) doubles liaisons carbone-carbone reactives d'hydrosilation dans le 
polyene, aux (ii) groupes ^SiH dans le compose de silicium, est de 0,1/1 a 1 ,5/1 . 



19. Composition durcissable suivant la revendication 18, dans laquelle : 

(a) le polyene comprend au moins un polyene polycyclique choisi dans le groupe comprenant les oligomeres 
de cyclopentadiene et leurs derives substitues; et 

(b) le compose de silicium comprend une pluralite de methylhydrocyclosiloxanes. 

20. Composition durcissable suivant la revendication 1 9, dans laquelle le polyene comprend au moins un polyene poly- 
cyclique choisi dans le groupe comprenant le dicyclopentadiene, le tricyclopentadiene, le tetracyclopentadiene et 
les methyl dicyclopentadienes. 

21. Composition durcissable suivant la revendication 18, dans laquelle : 

(a) le polyene comprend au moins un polyene polycyclique choisi dans le groupe comprenant les oligomeres 
de cyclopentadiene et leurs derives substitues; et 

(b) le compose de silicium comprend au moins un membre du groupe comprenant les polysiloxanes lineaires 
ayant la formule : 



dans laquelle les R, qui peuvent etre identiques ou differents, representent de I'hydrogene ou un radical 
alkyle sature substitue ou non substitue, ou un radical phenyle substitue ou non substitue, au moins trois R 
representent de I'hydrogene, et m est un nombre entier de 0 a 1000. 

22. Composition durcissable suivant la revendication 21 , dans laquelle le polyene comprend au moins un membre du 
groupe comprenant le dicyclopentadiene, le tricyclopentadiene, le tetracyclopentadiene et les methyl dicyclopen- 
tadienes. 

23. Composition durcissable suivant la revendication 15, dans laquelle le compose comprenant au moins une fonction- 
nalite epoxy comprend de plus au moins une double liaison carbone-carbone reactive d'hydrosilation. 




m 
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24. Composition durcissable suivant ia revendication 15, comprenant de plus un agent de durcissement. 

25. Composition durcissable suivant la revendication 24, dans laquelle I'agent de durcissement comprend un anhy- 
dride polycarboxylique. 

5 

26. Composition durcissable suivant la revendication 24, comprenant de plus un accelSrateur de durcissement. 

27. Composition durcissable suivant la revendication 24, dans laquelle I'agent de durcissement comprend une amine. 

w 28. Composition durcie, resultant du traitement qui consiste a soumettre la composition durcissable des revendicattons 
15-27 a des conditions appropriees pour reticuler le prepolymere organosilicique reticulable, et pour effectuer une 
polymerisation par ouverture cyclique du compose comprenant au moins une fonctionnalite epoxy. 

29. Procede de preparation d'une composition durcie suivant la revendication 14, comprenant le traitement qui con- 
15 siste a soumettre la composition durcissable a des conditions appropriees pour reticuler le polyene et le compost 

de silicium, et pour effectuer une polymerisation par ouverture cyclique du compose comprenant au moins une 
fonctionnalite epoxy. 

30. Procede de preparation de la composition durcie de la revendication 28, comprenant le traitement qui consiste a 
20 soumettre une composition durcissable a des conditions appropriees pour reticuler le prepolymere organosilicique 

reticulable, et pour effectuer une polymerisation par ouverture cyclique du compose comprenant au moins une 
fonctionnalite epoxy. 



25 



31. Procede suivant la revendication 30, comprenant le durcissement thermique de la composition durcissable. 

32. Composition durcissable comprenant : 



(a) un compost de silicium, comportant au moins trois groupes ^SiH reactifs d'hydrosilation, et comprenant au 
moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes tetraedri- 

30 ques et les polysiloxanes lineaires; 

(b) un compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 
bone reactive d'hydrosilation; et 

(c) un agent de durcissement. 

35 33. Composition durcissable suivant la revendication 32, comprenant de plus un catalyseur d'hydrosilation. 

34. Composition durcissable suivant la revendication 32, dans laquelle le compose de silicium comprend au moins un 
membre choisi dans le groupe comprenant : 

40 (a) les polysiloxanes cycliques ayant la formule : 

R R 

\/ 

45 I Si-0 



50 



(O-Sii 

/\ n 
R R 



dans laquelle les R, qui peuvent etre identiques ou difterents, represented de I'hydrogene ou un radical 
55 alkyle ou alcoxy substitue ou non substitue, sature, ou un radical aromatique ou aryloxy substitue ou non subs- 

titue, n est un nombre entier de 2 a 20, et R est de I'hydrogene sur au moins deux des atomes de silicium; 
(b) les siloxysilanes tetraedriques ayant la formule : 
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Si 



J— O-Si-R 



10 



dans laquelle R est tel que defini precedemment, et est de I'hydrogene sur au moins deux atomes de 
silicium dans la molecule; et 
(c) les polysiloxanes lineaires ayant la formule : 



15 



20 



(R) 3 Si-0 



R 



•SiO- 



•Si(R) 



25 



30 



m 



dans laquelle les R, qui peuvent etre identiques ou differents, representent de I'hydrogene ou un radical 
alkyle sature substitue ou non substitue, ou un radical phenyle substitue ou non substitue, au moins deux R 
representent de I'hydrogene, et m est un nombre entier de 0 a 1000; et 

dans laquelle la composition durcissable comprend une quantite suffisante du compose comprenant au 
moins une fonctionnalite epoxy et au moins une double liaison carbone-carbone reactive d'hydrosilation, pour 
une hydrosilation au moins essentiellement complete des groupes ^SiH reactifs d'hydrosilation du compose 
de silicium. 



35 35. Composition durcissable suivant la revendication 34, dans laquelle : 

(a) le compose de silicium comprend une pluralite de methylhydrocyclosiloxanes; et 

(b) le compose, comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 
bone reactive d'hydrosilation, est choisi dans le groupe comprenant le monoxyde de vinylcyclohexene et Tether 
aliyl glycidylique. 



40 



45 



50 



55 



36. Composition durcissable suivant la revendication 32, comprenant de plus un accelerateur de durcissement. 

37. Composition durcie, resultant du traitement qui consiste a soumettre la composition durcissable de la revendication 
32 a des conditions appropriees pour : 

(a) effectuer une hydrosilation (i) du compose de silicium, et (ii) du compose comprenant au moins une fonc- 
tionnalite epoxy et au moins une double liaison carbone-carbone reactive d'hydrosilation; et 

(b) effectuer une polymerisation par ouverture cyclique de la fonctionnalite epoxy. 

38. Composition durcissable comprenant : 

(a) un compose de silicium epoxy-substitue, comprenant le produit de reaction d'hydrosilation de reactifs com- 
prenant les composes suivants : 

(i) un compose de silicium, comportant au moins trois groupes ^SiH reactifs d'hydrosilation, et compre- 
nant au moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes 
tetraedriques et les polysiloxanes lineaires; et 



51 



EP0 600 512 B1 

(ii) un compost comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone- 
carbone reactive d'hydrosilation; et 

(b) un agent de durcissement. 

39. Composition durcissable suivant la revendication 38, comprenant de plus un catalyseur d'hydrosilation. 

40. Composition durcissable suivant la revendication 38, dans laquelle le compose de silicium comprend au moins un 
membre choisi dans le groupe comprenant : 

(a) les polysiloxanes cycliques ayant la formule : 



R R 

\/ 
Si-0 



CO-8i) n 



/ 



dans laquelle les R, qui peuvent etre identiques ou differents, represented de I'hydrogene ou un radical 
alkyle ou alcoxy substitue ou non substitue, sature, ou un radical aromatique ou aryloxy substitue ou non subs- 
titue, n est un nombre entier de 2 & 20, et R est de I'hydrogene sur au moins deux des atomes de silicium; 
(b) les siloxysilanes tetraedriques ayant la formule : 



R 

I 

Si -f-O-Si-R 

L 4 J 



dans laquelle R est tel que defini precedemment, et est de I'hydrogene sur au moins deux atomes de 
silicium dans la molecule; et 
(c) les polysiloxanes lineaires ayant la formule : 



(R) 3 Si-0- 



SiO- 

i 

R 



•Si(R) 



m 



dans laquelle les R, qui peuvent etre identiques ou differents, represented de I'hydrogene ou un radical 
alkyle sature substitue ou non substitue, ou un radical phenyle substitue ou non substitue, au moins deux R 
represented de I'hydrogene, et m est un nombre entier de 0 a 1000; et 

dans laquelle la quantite du compose comprenant au moins une fonctionnalite epoxy et au moins une 
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double liaison carbone-carbone reactive d'hydrosilation, est suffisante pour une hydrosilation au moins essen- 
tiellement complete des groupes sSiH reactifs d'hydrosilation du compose de silicium, le compose de silicium 
epoxy-substitue etant ainsi au moins essentiellement totalement epoxy-substitue. 

41. Composition durcissable suivant la revendication 40, dans laquelle : 

(a) le compost de silicium comprend une pluralite de m§thylhydrocyclosiloxanes; et 

(b) le compost comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 
bone reactive d'hydrosilation, comprend un membre du groupe comprenant le monoxyde de vinyl cyclohexene 
et Tether allyl glycidylique. 

42. Composition durcissable suivant la revendication 38, comprenant de plus un accelerateur de durcissement. 

43. Composition durcie, resultant du traitement qui consiste a soumettre la composition durcissable de la revendication 
38 a des conditions approprtees pour effectuer une polymerisation par ouverture cyclique de la fonctionnalite 
epoxy. 

44. Composition durcissable comprenant : 

(a) un compose de silicium partiellement epoxy-substitue, comportant des groupes ^SiH reactifs d'hydrosila- 
tion, et comprenant le produit de reaction d'hydrosilation de reactifs comprenant les composes suivants : 

(i) un compose de silicium, comportant au moins deux groupes sSiH reactifs d'hydrosilation, et compre- 
nant au moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes 
tetraedriques et les polysiloxanes lineaires; et 

(ii) un compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone- 
carbone reactive d'hydrosilation; 

dans laquelle la quantite du compost comprenant au moins une fonctionnalite epoxy et au moins 
une double liaison carbone-carbone reactive d'hydrosilation, n'est suffisante que pour une hydrosilation 
partielle des groupes =SiH reactifs d'hydrosilation du compose de silicium; et 

(b) un polyene comportant au moins deux doubles liaisons carbone-carbone reactives d'hydrosilation. 

45. Composition durcissable suivant la revendication 44, comprenant de plus un catalyseur d'hydrosilation. 

46. Composition durcissable suivant la revendication 44, dans laquelle : 

(a) le polyene comprend au moins un membre du groupe comprenant les polyenes polycycliques; et 

(b) le compose de silicium comprend au moins un membre choisi dans le groupe comprenant : 

(i) les polysiloxanes cycliques ayant la formule : 

R R 

\/ 

I Si-O 1 



>-Si) ' 

/\ n 
R R 



dans laquelle les R, qui peuvent etre identiques ou differents, represented de I'hydrogene ou un 
radical alkyle ou alcoxy substitue ou non substitue, sature, ou un radical aromatique ou aryloxy substitue 
ou non substitue, n est un nombre entier de 2 a 20, et R est de I'hydrogene sur au moins deux des atomes 
de silicium; 
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(ii) les siloxysilanes tetra§driques ayant la formule : 



Si 



R 
I 

-Si-R 
i 

R 



10 



15 



20 



25 



dans laquelle R est tel que defini precedemment, et est de I'hydrogene sur au moins deux atomes 
de silicium dans la molecule; et 
(iii) les polysiloxanes lineaires ayant la formule : 



i 

(R) 3 Si-0— SiO 



r 



u J 



Si(R) 3 



m 



dans laquelle les R, qui peuvent etre identiques ou differents, represented de I'hydrogene ou un 
radical alkyle sature substitu6 ou non substitue, ou un radical phenyle substitue ou non substitue, au 
30 moins deux R represented de I'hydrogene, et m est un nombre entier de 0 h 1000; 

dans laquelle la composition durcissable comprend une quantite suffisante du polyene, pour une 
hydrosilation au moins essentiellement complete, des groupes =SiH reactifs d'hydrosilation du compose 
de silicium partiellement epoxy-substitue laisses k l'6tat non reagi par le compose comprenant au moins 
une fonctionnalite epoxy et au moins une double liaison carbone-carbone reactive d'hydrosilation. 

35 

47. Composition durcissable suivant la revendication 46, dans laquelle : 

(a) le polyene comprend du dicyclopentadiene; 

(b) le compose de silicium comprend une pluralite de methylhydrocyclosiloxanes; et 

40 (c) le compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 

bone reactive d'hydrosilation, comprend un membre du groupe comprenant le monoxyde de vinyl cyclohexene 
et Tether allyl glycidylique. 

48. Procede de preparation d'une composition durcie, a partir d'un melange comprenant : 

45 

(a) un compose de silicium comportant au moins trois groupes ^SiH reactifs d'hydrosilation, et comprenant au 
moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes tetraedri- 
ques et les polysiloxanes lineaires; 

(b) un compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 
50 bone reactive d'hydrosilation; 

(c) un agent de durcissement; et 

(d) un catalyseur d'hydrosilation; 

le procede consistant a soumettre le melange a des conditions appropriees pour (i) effectuer une hydrosila- 
55 tion du compose de silicium et du compose comprenant au moins une fonctionnalite epoxy et au moins une double 
liaison carbone-carbone reactive d'hydrosilation, et pour (ii) effectuer une polymerisation par ouverture cyclique de 
la fonctionnalite epoxy. 
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49. Proc6de suivant la revendication 48, dans lequel : 

(a) ie compose de silicium comprend une pluralite de methylhydrocyclosiloxanes; et 

(b) le compose comprenant au moins une fonctionnalite 6poxy et au moins une double liaison carbone-car- 
5 bone reactive d'hydrosilation, comprend un membre du groupe comprenant le monoxyde de vinyl cyclohexene 

et Tether allyl glycidylique; 

le melange comprenant une quantity suffisante du compose comprenant au moins une fonctionnalite 
epoxy et au moins une double liaison carbone-carbone reactive d'hydrosilation, pour une hydrosilation au 
moins essentiellement complete des groupes =SiH reactifs d'hydrosilation du compose de silicium. 

w 

50. Procede suivant la revendication 48, dans lequel le melange comprend de plus un accelerateur de durcissement. 

51. Procede de preparation d'une composition durcie, & partir d'un melange comprenant : 

15 (a) un compose de silicium epoxy-substitue, comprenant le produit de reaction d'hydrosilation de reactifs com- 

prenant les composes suivants : 

(i) un compose de silicium, comportant au moins trois groupes sSiH reactifs d'hydrosilation, et compre- 
nant au moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes 

20 tetraedriques et les polysiloxanes lineaires; et 

(ii) un compose comprenant au moins une fonctionnalite 6poxy et au moins une double liaison carbone- 
carbone reactive d'hydrosilation; et 

(b) un agent de durcissement; 

25 

le procede comprenant le traitement qui consiste a soumettre le melange a des conditions appropriees pour 
effectuer une polymerisation par ouverture cyclique de la fonctionnalite epoxy. 

52. Procede suivant la revendication 51, comprenant de plus I'etape preliminaire de preparation du compost de sili- 
30 cium epoxy-substitue, I'etape preliminaire comprenant la realisation d'une hydrosilation : 

(a) du compose de silicium; et 

(b) du compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 
bone reactive d'hydrosilation; 

35 en presence d'un catalyseur d'hydrosilation. 

53. Procede suivant la revendication 51, dans lequel : 

(a) le compose de silicium comprend une pluralite de methylhydrocyclosiloxanes; et 
40 (b) le compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 

bone reactive d'hydrosilation, comprend un membre du groupe comprenant le monoxyde de vinyl cyclohexene 
et Tether allyl glycidylique; 

la quantite du compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison 
carbone-carbone reactive d'hydrosilation, etant suffisante pour une hydrosilation au moins essentiellement 
45 complete des groupes ^SiH reactifs d'hydrosilation du compose de silicium, le compose de silicium epoxy- 

substitue etant ainsi au moins essentiellement totalement epoxy-substitue. 

54. Procede suivant la revendication 51, dans lequel le melange comprend de plus un accelerateur de durcissement. 

so 55. Procede de preparation d'une composition durcie, a partir d'un melange comprenant : 

(a) un compose de silicium partiellement epoxy-substitue, comportant des groupes ^SiH reactifs d'hydrosila- 
tion, et comprenant le produit de reaction d'hydrosilation de reactifs comprenant les composes suivants : 

55 (i) un compose de silicium comportant au moins deux groupes ^SiH reactifs d'hydrosilation, et compre- 

nant au moins un membre choisi dans le groupe comprenant les polysiloxanes cycliques, les siloxysilanes 
tetraedriques et les polysiloxanes lineaires; et 

(ii) un compose comprenant au moins une fonctionnalite 6poxy et au moins une double liaison carbone- 
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carbone reactive d'hydrosilation; 

(b) un polyene comportant au moins deux doubles liaisons carbone-carbone reactives d'hydrosilation; et 

(c) un catalyseur d'hydrosilation; 

dans lequel la quantite du compose comprenant au moins une fonctionnalite epoxy et au moins une 
double liaison carbone-carbone reactive d'hydrosilation, n'est suffisante que pour une hydrosilation partielle 
des groupes ^SiH reactifs d'hydrosilation du compose de silicium; 

ie procede consistant a soumettre le melange a des conditions appropriees pour effectuer une hydrosi- 
lation du compose de silicium partiellement §poxy-substitue et du polyene. 

56. Procede suivant la revendication 55, comprenant de plus I'etape pr^liminaire de preparation du compose de sili- 
cium partiellement epoxy-substitue, I'etape preliminaire comprenant ia realisation d'une hydrosilation : 

(a) du compose de silicium; et 

(b) du compost comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 
bone reactive d'hydrosilation; 

en presence d'un catalyseur d'hydrosilation. 

57. Procede suivant la revendication 56, dans lequel : 

(a) ie polyene comprend une plurality d'oligomeres de cyclopentadiene; 

(b) le compose de silicium comprend une pluralite de methylhydrocyclosiloxanes; et 

(c) le compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison carbone-car- 
bone reactive d'hydrosilation, comprend un membre du groupe comprenant le monoxyde de vinyl cyclohexene 
et Tether allyl glycidylique; et 

dans lequel la quantite du polyene est suffisante pour une hydrosilation au moins essentiellement com- 
plete, des groupes ^SiH reactifs d'hydrosilation du compose de silicium partiellement 6poxy-substitue laisses 
a I'etat non reagi par le compose comprenant au moins une fonctionnalite epoxy et au moins une double liaison 
carbone-carbone reactive d'hydrosilation. 
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